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Report of the Igriciiltiiral Research 
Institute and College, Pusa, 

[Including the Refort of the Imperial Cotton Specialist) 

1913-14 


REPORT OF ITTE DTRECTOR. 

(Bernard Coventry. CJ.E.) 

I- — Charge and Staff. 

Charge. — Mr. J. Mackerma, M.A.. LC.S., lield charge 
of the office of xiVgriciiltura] Adviser to the Government of 
India and Director, Agricnltiiral Research Institute- Pusa, 
till my return from leave on the 23rd February 1914. when 
I resumed charge of the post. 

Mr. A. C. Dobbs held tlie post of Assistant to the Agri- 
cultural Adviser to the Government of India tih 28th April 
1914, when he was appointed to act as Imperial Agricul- 
turist and Mr. M. Wynne Saver, B.A., who joined the De- 
jiartment on the 20tli March 1914, was ap]-ointed to officiate 
for Mr. Dobbs, 

Staff . Chemical Section remained in charge of 
Dr. J. W. Leather. V.D., PluD., F.l.C.- throughout the 
year. 

Mr. H. E. Annett, B.Sc., F.C.S.. F.LC.. Superniimerarv 
Agricultural Chemist, returned from study leave on 28th 
November 1913, and was a[)pointed Agricultural Chemist 
to the Government of Bengal on 1st January 1914. Mr. 
Jatindranath Sen, M.A., F.C.S.- First Assistant in the 
Chemical Section, was appointed S.. per numer ary Agri- 
cultural Chemist on the 9th luduTiary 1914. 

Mr. A. Howard, M.A., A.R.C.S., F.L.S., Imperial 
Economic Botanist, and Mrs. Howard, A4.A., his Personal 
Assistant, returned from leave on 19tli October 1913. As 
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in previous years Mr. and Mrs. Howard proceeded to 
Quetta in May 1914, and will stay there for five months for 
work in connection with the development of the fruit 
industry in Baluchistan. During the year under report 
Mr. Howard was appointed a Companion of the Most 
Eminent Order of the Indian Empire. 

The Mycological Section was in charge of Dr. E. J. 
Butler, M.B., F.L.S,, till the 28th March 1914, when he 
proceeded on nine months’ combined leave. 

Mr. F. J. F. Shaw, B.Sc., A.B.C.S., FX.S., on the 
termination of his appointment as Officiating Government 
Mycologist, Madras, resumed his duties at Pusa as Super^ 
numerary Mycologist on the 5th November 1913." He has 
been appointed to officiate as Imperial Mycologist during 
Dr. Butler’s absence on leave. 

Mr. T. Bainbrigge Fletcher, R.N., F.E.S., F.Z.S., 
joined the post of Imperial Entomologist on 1st December 
1913. Previous to his appointment Mr. A. J. Grove, M.Sc., 
Supernumerary Entomologist, held charge of the Entomolo- 
gical Section. Mr. Grove has been deputed to the Punjab 
since 28th January 1914, to carry out work on grain pests 
and cotton bollworm. 

Mr. F. M. llowlett, B.A., F.E.S., remained in charge 
of the Pathological Entomological Section throughout the 
year. 

The Bacteriological Section was in charge of Mr. C. M. 
Hutchinson, B.A., during the whole year, except for a short 
period of two weeks from 24th February 1914, when he was 
on privilege leave and Mr. J. H. Walton, B.A., B.Sc., 
Supernumerary Agricultural Bacteriologist, officiated for 
him. 

The Agricultural Section was in charge of Mr. S. 
Milligan, M.A., B.Sc., till 28th April 1914, when he pro- 
ceeded on one year’s combined leave and Mr. A. C. Dobbs 
took over charge from him. 

The number of Supernumerary Agricultural appoint- 
ments was reduced from three to two during the year under 
report. Mr. N. S. McGowan, Dip. in Agri. (Cantab.), and 
Mr. T. Gilbert, B.A., Dip. in Agri. (Cantab.), have been 
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appointed Deputy Directors of Agriculture in Bihar ami 
Orissa and Bombay respectively. The two Supernumerary 
posts are now held by Mr. G. D. Mehta, L.Ag., B.a", 
N.D.A., N.D.D., who has been posted to Madras for train- 
ing, and Mr. M. Wynne Sayer, B.A., who joined the De 
partment on 20th March 1914. 

IT. — Work of the Institute. 

Scientific Work. -An account of the scientific work of 
the Institute during tlie year is given in the reports of the 
several sections. 

Training . — The training of students m post-graduate 
(THirses wms continued and short courses were also given 
in Cattle management and Sericulture. 

Four students w^ere under training in Agricultural Che- 
mistry during the year under rejmrt. The two students 
referred to in the last year’s report, riz.. a jirivate student 
from Madras and a Government Stipendiary from the 
Travancore State, completed their training. A private 
student w^ho w^as studying for the D.S(\ degrei' of the 
Allahabad University worked on a pie(‘e of research for 
eight months in the Chemi('al Laboratory. A^ student 
deputed by the Department of Agriculture, Central Pro- 
vinces, for training in Agricultural Bacteriology wais 
given a preliminary course of training in Agricultural 
Chemistry. 

In the EntomoloLiical ^^ection the student deputed by 
the Department of Agriculture. Travancore. and the 
student deputed by the Assam Dejairtment of Agriculture 
referred to in the last years r(']){)rt completed tlieir train- 
ing in General Entomology during the year under report. 

In the Bacteriological Section the probationary insearch 
assistant under the Agricultural Chemist to the Punjab 
Government who wais deputed to this Institute for train- 
ing continued his course in Agricultural Bacteriology 
^hiring the year. 

In the Agricultural Section a gi'nduate of the a hour 
Agricultural College deputed by tlie Bengal Department of 
Agriculture is undergoing training in General Agriculture. 

n 2 
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Besides the regular students mentioned above, the fol- 
lowing officers worked in the Mycological Laboratory 
during the year: — 

Mr. A. C. Tiinstall, Mycologist to the Indian Tea 
Association, for about a week, in September 
1913. 

Mr. G. H. Alington, I.F.S., Assistant to the Forest 
Botanist, in January 1914, in connection with 
tree diseases. 

Mr. B. L. Gupta, B.Sc., Professor of Biology in the 
Reid Christian College, Lucknow, attended the 
Laboratory during May and June 1914, and 
received a, course of lectures and practical work 
on the morphology of fungi. 

During the year under report, seven students attended 
the short courses — one in “ Cattle Management ” and six in 
Sericulture.’’ Besides the regular students, three visi- 
tors were given practical instruction in sericulture and 
silk-dyeing. 


Ill, — Publications. 

The Agricultural Journal, Scientific Memoirs and 
Bulletins continued to be issued during the year. With a 
view to keep down the free distribution list and also to 
encourage Agricultural Associations, Co-operative Socie- 
ties, students of Agricultural Colleges and Assistants 
in the Agricultural Departments, specially reduced rates 
of subscription for the Journal and Memoirs and Bulletins 
were sanctioned during the year. This has led to a siil)- 
stantial increase in the number of subscribers. With a 
view to economy steps were taken to supj)ly persons am! 
institutions on the free distribution list with reprints of 
articles on the special branches of agriculture and its 
allied sciences in which they are interested in lieu of the 
Journal. Arrangements were also made during the year 
for making the Department’s publications available for 
sale at principal centres in various parts of the country. 

The Department [)ul)lished during the year 16 Memoirs 
and 7 Bulletins. In the Veterinary Series of Memoirs 
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Started in April 1912 no less than 8 papers have been pub- 
lished during the course of two years and the number pro- 
mises to increase in the near future. As regards other 
series of memoirs a good number of papers were published 
in the Botanical and ('heniical Series to which the Pro- 
vincial Departments have also contributed. 

There is a steady increasing demand from the Indian 
public for Bulletins as they are mostly of practical inter- 
est. As a result Bulletin Nos. 28 and 29 on Lac and Eri 
silk culture have been reprinted and the Government of 
India have authorised the Agricultural Adviser to increase 
in future to 2.000 copies bulletins lor which there is likely 
to be a good demand. 

The grant foi publications as at pj'csent sanctioned is 
Rs. 29,000. During the last two years greatest economy 
had to be exercised to keep the exjienditure within the 
sanctioned grant. The rates botli for letter-press jn’inting 
and reproduction of illustrations liave been recently revised. 
Papers received are also carefully scrutinised and' all illus- 
trations not absolutely required are eliminated. But as 
the investigation r)f problems is yeardy on the increase the 
volume of matter ofiered foi* publication is anticipated to 
become larger each year and it will soon be necessary to ask 
for a further addition to the grant. 

IV. — G KNLRAL AdMIMSTR.VTION. 

Ihiildiiujs (Hid H c/7;a. — D uring the year under report 
the Government of India sanctioned tlie construction of 
eight additional quarters for the subordinate staff of the 
Institute. The extension of the Dii’cctors olhee building 
referred to in tlie last year's I'ejKUd was c-ompleted during 
the year. Proposals ha\e been submitted to Government 
tor the installation (P’ electric lights and fans in the 
Puropean bungalows and the Guest House at Piisa, and 
for the addition of a Female Ward to the Piisa Hospital. 

Library, - T\\(d third edition of tlie catalogue of the 
library is in the press and will shoi'tl}' be out. During the 
year under I'eport o\er 500 volumes have been added by 
purchase besides se\cral loreigu bulletins, memoiis, rejiurts, 
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etc., which are received in exchange from different parts of 
the world. 

Pusa Middle English School . — The Pusa Middle 
English School which was established in 1912 is becoming 
popular. It has four English and four Vernacular classes 
and the total number of boys on the roll is 93 out of which 
53 belong to the Estate and tlie remaining 40 come from the 
neighbouring villages. The school is located temporarily 
in the Students' Hostel until the completion of the school 
building which is under construction. Proposals for 
raising the present school to the status of a High School and 
also for the establishment of a Girls’ School at Pusa are 
under the consideration of the Local Government. 

General Hetdfh of the Station . — The general health of 
the station during the year under report was on the whole 
very good. Relief was afforded to 9,226 cases, of whicli 
8,999 were treated in the out-patients’ department and 227 
admitted as in-door patients. One hundred and two cases 
amongst European officers and families were attended to, 
The daily average numl3er of patients treated was 64-05 
out-door, and 10*69 in-door. 

Tour deaths occurred in hospital, one from Gangrene- 
foot, one from Malarial Cachexia, one from Cirrhosis Liver 
and one from Suppurating Tonsil it is. 

The number of Estate cases treated for Malarial hewv 
was small when conitjared with the admissions from the 
neighbouring village.s. This was pi’obably due to the 
Estate people willingly taking the quinine which was 
issued prophylactically towaids the close of the monsoon. 
An epidemic of cholera which broke out in the villages in 
the immediate vicinity of Pusa, during the months of April, 
May and June, threatened to be a source of grave danger. 
Immediate and successful measures were taken to prevent 
it entering the Estate. Chief of these was keeping of the 
water supply pure by disinfecting and cleaning the wells. 
The epidemic was thus kept out of the Estate limits. 

Two hundred and five surgical operations were per- 
formed of which nineteen were major, and one hundred and 
eighty-six minor. 
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Nine primary vaccinations and three re-vaccinations 
were performed during the early ]:)art of the year. 

V. — Accounts. 

The total expenditure during the financial year 1913-14 
was Rs. 472,471 as under 


Office of the Agile uituru 
Grovei'iiiueiil of India 


Rs. 


Advi^ei' to tin' 
[Slid Director of 


the Institute . ... 

. lMI.158 

Chemical Section .... 

•18,455 

Alycological Section 

. 47,388 

Entomological Section 

44.942 

Pathological Entomological Section 

2(),749 

Botanical Section . . ^ . 

27.854 

Bacteriological Section . 

29.171 

Agricultural Section 

04,754 

4.72.471 


The budget ol' the Agrieultural Arhiser tov the year 
under report included a poi'tion of clie grant ot Us. 1,10,000 
i'eferred to in previous years report tor meeting the expen 
diture in connection with the engagement ot Air. . Huline 
as Sugar Engineer in tiie i'nited Provinces tor the decelop- 
luent of file Indian Sugar Industiy. llie engagement of 
Mr, Hulme was sanctioned in tlie first instance, tor three 
years from 1911-12. It lias been decided to retain his 
services for a further period of two seasons and the expen- 
diture during tlie current year will be met from the saving 
in the grant of Rs. 1.10.000 made tor the jaii{;Ose 

A sum of Rs. 15,000 was pro\ ided in tlie budget for pay- 
ment to the Indian Tea Association as a gTaiit-in-nid. 

Out of the sum of Rs. 60,000 allotted during the year 
ending ‘dist March 1914, liy the (lovcnnuent ot 

improvements connected witli the Pusa Institute, s. , ^ 

were transferred to tlie Public orks Dep.utinen ^ u ^ 
for meeting the cost of extension ot the 1 usa a |y ‘ 

Us. 25,000 paid towards purchase of steam cu m n 
machinery for the Pusa Eann. Tlie balance was spent o 
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testing the milling and baking qualities of wheat, the 
bacteriological investigation of rice, the demonstration of 
improved methods of refining saltpetre, experiments with 
cotton and plant breeding by the Imperial Cotton Specialist, 
construction of a Potculture house for the Imperial Myco- 
logist, an additional Laboratory for the Imperial Patholo- 
gical Entomologist and the improvement of the drainage of 
the low-lying portions of the Pusa Estate. 

The gross receipts during the year from the sale of farm 
produce, milk, publications of this Department and other 
articles, amounted to Rs. 22,157 as against Rs. 14,663 of the 
preceding year. 


VI. — Visitors. 

In response to the invitation of Mr. J. Mackenna, Lord 
Islington, Sir Valentine C hire I, Sir Theodore M orison, 
Messrs. Sly, Scott and Fisher of the Royal Commission on 
Public Services in India visited the Institute on the 17th 
January 1914. 

During the year under I'eport the Hon'ble Sir Robert 
Carlyle. K.C.S.L, C.I.E., I.C.S., Member-in-charge of the 
Department of Revenue and Agriculture, Government of 
India, the Hon'ble Sir Edward Maclagan, K. C.I.E., C.S.L, 
I.C.S., Officiating Revenue Member, the Hon’ble Mr. E. J. 
Kershaw, C.I.E., I.C.S., Secretary to the Government of 
India, Department of Revenue and Agriculture, Colonel 
E. IL Hazeltoii, F.R.C.V.S., A.V.S., Principal Veterinary 
Officer in India, ilr. M. J. Cogswell, Controller of Printing, 
Stationery and Stamps, IVofcssor Wyndham R. Dunstaii, 
M.A,, LL.D., F.R.S., Director, Imperial Institute, London. 
Professor Briick of Griessen University, Germany, Mr. 
M. A. Yamada of the Agricultural Experiment Station, 
Formosa, Chev. Dr. G. Goric, Consul for Italy, Bombay, 
and many others visited the Institute. 
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REPORT OE THE IMPERIAL AGRICULTURIST 
(A. C. Dobbs, B.A.) 

I. — Administration and Tours. 

Charge .-— Milligan held charge of the Pusa Parni 
for the first ten months of the period under review; he 
went home on long leave at the end of April, after which 
the writer officiated for him. 

The number of Supernumerary Agricultural appoint- 
ments was reduced from three to two during the year under 
report. Messrs. Gilbert and McGowan vacated their posts 
on the supernumerary establishment, on the creation of new 
appointments on the regular cadre in Bombay and Bihar', 
and one of the resulting vacancies was filled by the appoint- 
ment of Mr. M. Wynne Sayer who arrived in India at the 
end of March, and is now officiating as Assistant to the 
Agricultural Adviser. 

The other post vacated was absorbed in one oi the new 
posts on the regular cadre, while the second remaining 
Supernumerary appoiiUmeiil continues to be held by Mr. 
G. D. Mehta, now w'orkiiig in Madras. 

Mr. Judah Hyam was in charge oi the Breeding Herd 
throughout the year. 

Mr, Mohoined Ikraiuuddiii held the post of 1st harm 
Overseer during the year, in addition to the duties of the 
2nd Earm Overseer from Iblh May 1913 to 4tli November 
1913. 

Mr. Arjan Singh. A gti cult lira I Assistant, Lyallpur 
Earm, was posted to the vacant iK')st oi 2nd luirm Overseer 
on the 5th November 1913. 

Training.- The following students attended the 
courses : — 

1. Mr. B. M. Valweker. from Mysore State, in cattle 
maiiagemeut, from 29th January 1914 to 4th 
April 1914. 
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2, Mr. Kali Prosaniia Roy was sent by the Bengal 
Government for agricultural training at Pusa. 

Tours, — Mr. Milligan visited Dacca and Sabour Farms 
with the Officiating Agricultural Adviser to the Govern- 
ment of India, in August; and Poona, Bombay, Ahmedabad 
and Umballa to see dairies in September 1913. He also 
attended the meetings of the Board of Agriculture at 
Coimbatore in December 1913 and gave evidence before the 
Public Services Commission on behalf of the Imperial 
Department of Agriculture, at Bombay during Febriiarv 
1914. 


II. — Farm Cultivation, 

Character of the season . — The rains began with 7 inches 
in May 1913. The monsoon was characterised by well dis- 
tributed rainfall throughout; with very heavy falls in June 
ajid August. The paddy crop was considerably damaged 
by Hoods owing to the defective draining of the Estate. 
Three- fourths of an inch of rain in the middle of October 
and again in the middle of December, ensured heavy rabi 
crops, which, however, suffered severely ii’om a similar fall 
accompanied by strong wind in the middle of February, 
Crop Erperlments- Tho experiments mentioned in 
last j^ear's report have been continued. 

Ciiltication. A Fowler's double engine steam cultiva- 
tion tackle was obtained in September 1913 with a disc 
plough, cultivator, harrow, and roller. 

The object of this new departure was not only the study 
of the economics of steam cultivation, but also to enable the 
Agriculturist to deal more ellectively with the labour diffi- 
culties incidental to the intensive cultivation, by means of 
hired labour, of so large an area as is necessary to support 
the Pusa herd of Montgomery Cattle, 

The farm is not an ideal one for steam cultivation, being 
inters 'cted by [)ublic roads which cut it iij) into irregularly- 
shaped fields, but by taking the whole available area, squar- 
ing up some of the fields, and abandoning odd corners, it 
will be possible to eliminate most of the land that cannot be 
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ploughed by steani tackle and yet to leave a sufficient area 
to employ the tackle to the limit of its capacity. 1‘here will 
still, however, be some waste incurred in mo\ ing over consi- 
derable distances from field to field. 

III.— Live-stock and Poultry. 

Breed iiuj Herd. ---As may be inferred from the reference 
above to the herd of Montgomery cow’s, this herd has become 
the pivot on which the policy of the farm turns. 

Started originally with the idea of preserving and 
typing the Montgoniery breed, and incidentally providing 
the officials collected at Pusa \MLh a pure milk siij^ply, the 
herd has grown with the expansion of the Institute and 
the growing demand for milk Irom the large number of 
inhabitants of the estate,— until it has taxed the capacity 
of the farm to provide sullicient fodder for both the working 
bullocks and for the breeding herd. 

A partial solution ha.s lieen found ni the purchase of 
the steam tackle, and it is proposed at the same time to 
grade up the milk producing pow^er of the herd by crossing 
the poorest milkers with an Ayrshire bull. 

The product of this t russ has been demonsiratcd by the 
Military Dairies in Northern India to be exceedingly useful, 
the heifers giving milk in amounts comparable with those 
given by Ayrshire cows, while the bullocks make execlleuL 
work cattle. 

There will therefore be maintained at Pusa, henceforth, 
two herds; one of selected milkers oi the Montgoineij bleed, 
the other a herd of cross-bred Ayrshire-MontgomerY cattle 
which will, it is hoped, take its pan in a eomprehensne 
scheme for improving the dairy cattle ot India b} cioss 

breeding. i i • 

Should a eonsidcrablc developim'Ut of one or noth ot 
these breeds be jnstilied later on. it will be iiossible to 
increase considerably the number of breeding cattle at i nsa, 
owing to the economy of fodder effected by the use ol the 
steam tackle instead of bullocks for cultivation. 
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Sheej ). — The advantage of crossing Dumba rams with 
the local sheep for the production of mutton having been 
demonstrated, breeding for mutton has been given up, and 
an attempt is being made to improve the wool of the local 
sheep by crossing with Merinos, as mentioned in last year s 
report. 

Poultry . — In view of the general interest now evinced 
in poultry keeping in the Provinces it has been decided to 
limit the functions of Pusa to the importation of pure bred 
birds to maintain the breeds kept on Provincial farms. The 
Assistant to the Agricultural Adviser to the Government, of 
India is in touch with breeders at home and is prepared to 
give his advice or assistance to intending importers. iSo 
poultry are now kept at the Pusa Farm. 


IV.— General. 

All the available farm land has been brought under 
cultivation. 

Manuring with superphosphate has become part of the 
routine practice of the farm as a result of the proof of the 
economic value of that manure in the experimental plots. 

Considerably better crops have been obtained in recent 
years and with the high cultivation now rendered possible 
an economic necessity is beginning to apjiear of growing 
more valuable crops, or varieties with sufficient strength of 
root and stem to support a higher yield than any obtainable 
from the varieties now available. 

V. — Programme of work for 1914-15. 

The following are the lines of work in progress 

M a jo r in vest i ga t ions. 

1. The economics of cultivation by steam and motor 
engines. 

2. The puddling of rice land by the double engine 
system of steam cultivation. 

3. The combination of irrigation and drainage in the 
growing of rice.. 
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4. A Study of inheritance of the more important 
characters of dairy cattle by crossing. 

5. The building up of milk pedigree in cattle by 
selection. 

M inor int est i (ja t ions, 

6. The inheritance of wool characters in sheep. 

7. Experimental tillage in the growing of maize and 
sugarcane. 

8. Improvement of pastures. 
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REPORT OF THE IMPERIAL AGRICULTURAL 
CHEMIST. 

(J. Walter Leather, V.D., Ph.D., F.I.C.) 


L — Administration and Tours. 

Charge . — The section was in the charge of myself 
(luring the whole year. 

Establishment, — Mr. H. E. Annett, Supernumerary 
Agricultural Chemist, returned from study leave on 28th 
November 1913 and was appointed Agricultural Chemist. 
Bengal, on 1st January 1914. 

Mr. Jatindranath Sen, First Assistant in this section, 
was appointed Supernumerary Agricultural Cliemist (pro- 
bationary) on February 9th, 1914. 

Mr. Jatindra Nath Mukerjee, Second Assistant, was 
appointed First Assistant on 9th February 1914. 

Mr. A. V. Iyer, a former assistant of this section and 
latterly Assistant Agricultural Chemist, Sabour, was ap- 
pointed Second Assistant on 2nd July 1914. 

Babu Har Dyal Singh, a junior assistant, was trans 
ferred to the Bacteriological Section on 25th May 1914. 

Babu Shasanka Bhushan Roy, L.Ag. (Sabour), was ap- 
pointed (probationary) to the vacant assistantship on 23rd 
June 1914. 

Tours. The following touivs were made by me 

1. August 1913. To Meerut and Delhi to discuss the 
value of certain fodder grasses and grass lands 
with the Assistant Director of Grass Farms. 
To Roorkee where I discussed the construction 
of certain instruments with the Superintendent. 
Canal Foundry and Workshops. To Cawnporc 
where I examined the condition of certain lands 
which had been broken up with explosives. 
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2. October 1913, T„ Pch.war to inspect the sug,,r- 

feet crops and to arrange l„r ,|,o prospective 

tests of sugarcane and sugar-beet at Tarnab 

3. December 1913, To Coimbatore to attend the 

meeting of the Itoard of Agriculture. 

4. January 1914.^ To Peshawar to inspect the work 

of the assistant who bafl l)een posted tliere to 
test sugarcane and beet. 

5. March 1914. To Hareilly to discnSsS the practi- 

cabilitv of the sinall factory foi* sugarcane 
and sugar-beet witli tlic Sugar Engineer 

6s April and May 1914. To Peshawar, ^’) to msiiect 
the work on sugar-beet and to discuss the data 
with the Agricultural OiFieer; (//) to take 
samples of soil from tlie Upper and Lower Swat 
Rivei ( anals. Jo Lyallpur to act as a member 
of the Board ot Examiiu^rs at Agricultural 
College. 

7. June 1914. To Peshawar on account of suo^ar-lieet 
analyses. 


II — Editatiox. 

Four students have lieen under instruction during the 
year. One Government and one luuvate student complet- 
ed their full coui'ses: one (Government student has com- 
pleted the course (one year) s[^ecially ju'escribed for him. 
One private student wlio was studving for the D.Sc. 
degree. Allahabad worked hert^ foi‘ eiglit months on a 
piece of research. 


III. — MeTEOUQ] f ’<; y. 

In addition to the usual data which are recorded daily 
on belialf of the Meteorological Department, records of 
(«) soil temperature. (/>) drainage, and (a) pressure by 
nieaus of a barograph have been maintained, 
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IV. — Soil Problems. 

Drainage . — The records of drainage are maintained 
and it is probable that another collection of data will be 
published early next year. 

Lime and Magnesia . — The relationship between the 
amount of gaseous carbonic acid in soils and the amounts 
of lime and magnesia in solution has been the subject of an 
investigation which has been conducted by Mr. Sen and 
myself. The first section of the work was published in 
1909 and dealt wnth the relation between calcium carbonate 
and gaseous carbonic acid. The second section dealt with 
the corresponding relationship of magnesium carbonate 
and carbonic acid. Following this \ve ascertained the 
solubility of the two carbonates when present together and 
also of dolomite under like conditions. It then transpired 
that if magnesium carbonate is present in anything more 
than quite small quantities, calcium carbonate becomes 
practically insoluble. Dolomite was found to dissolve as 
a double salt in carbonic acid, but the maximum concen- 
tration which we could obtain was smaller than was anti- 
cipated from a consideration of the other work. The pre 
sence of either calcium carbonate or magnesium carbonate 
was found to protect dolomite from the action of carbonic 
acid. Magnesium carbonate protects it practically en- 
tirely, because it rapidly forms a solution of bicarbonate 
so concentrated that no appreciable amount of calcium car- 
bonate can dissolve in it and hence the dolomite cannot 
dissolve. Calcium carbonate does not protect it quite so 
perfectly, but this salt rapidly forms, in contact with 
carbonic acid and water, a solution of bicarbonate so strong 
that little or no more calcium carbonate can dissolve in it 
and hence the dolomite can only dissolve to a limited degree. 

This work has shown that no fertile soil can contain 
material proportions of magnesium carbonate, for if it did, 
the lime would become practically insoluble and the plant 
would die of lime starvation. This is probably the reason 
why in so many of the experiments which have been made 
in Europe and America on Loew's lime-magnesia retio in 
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soils, the, application of magnesite or magnesium carbonate 
has proved so harmful. The details of this investigation 
have been published as Memoirs of the Department of 
Agriculture in India, Chemical Series, Vol. Ill, No. 8. 

Swat River Canals land , — A number of samples of soil 
from the land which has been irrigated by the Lower Swat 
River Canal and from the land which will come under the 
Upper Swat River Canal were tak(m during April and 
May by the Superintending Engineer and myself from 
places, the exact position of which has been registered with 
reference to certain bench-marks on the canals. This latter 
was done in order that samples may, if desired, be taken 
from the same places on a future occasion. The original 
object of taking the samples was to supply information res- 
pecting the soil to an engineer in England who has asked for 
information respecting the chemical composition of these 
soils. In addition to this, however, Mr. A. J. Wadley, the 
Superintending Engineer, was liimself interested in the 
subject, and the series of samples was for this reason some- 
what increased. 

The lands which are coninianded by these two canals 
are very similar, in that they consist of the alluvium w hich 
lies at the foot of the Hi mala v as in this part of India, and 
although close to the low hills, and indeed some of the isolat- 
ed outcrops occur in the alluvium, it consists almost entirely 
of hue alluvium without stones. The land Avhich will come 
under the Upper Swat River Canal lies close to the hills; 
that which lias been irrigated by the Lower Swat River 
Canal lies further south. Only certain items in the com- 
position of the soils w'cre determined, those indeed w’hich 
are most likely to indicate tlieir agricultural value or 
defects. In I'espect of calcium carbonate, this constituent 
varies Avithin wide limits, being as high as 10 per cent, or 
liiore in four samples and as Ioav as *01 pe” cent, in three. 
Usually there is a sufficiency for agricultural pnr| oses, but 
^vhen tlie proportion falls ns low^ as '04 per cent, it will 
probably pay to add lime. Of phosphate in a. readily 
9'Ssimilable condition there is in some cases a deficiency. 
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and it is very probable that if artificial manures are ever 
used in India generally, it will pay to use superphosphate 
on some of these lands. Of potash there is an abundance, 
whilst of organic nitrogenous matter there is the same defi~ 
ciency that is so common to Indian soils. Respecting their 
physical condition they are generally good. 

A question was incidentally raised as to whether the 
lands under the Lower Swat River Canal had deterioraterl 
at all. So far as one can tell from these saiu]de‘'\ 
and they were taken from widely separated places, there 
was nothing to indicate that any depreciation has occurred, 
and in fact generally these were richer and better than 
those from the other area. 

The Percolation Test for Some years ago 

I devised a method for testing the permeability of soils to 
water. Its immediate object was then the differentiation 
of certain usar soils of the Lnited Provinces. 

During the past year a long series of tests with it have 
been applied to good agricultural soils in order to ascer- 
tain its more general applicability. The test appears to 
make a sharp diherentiation between soils which are 
physically good or bad respectively. The information 
which has been gathered on the subject will be submitted 
for publication shortly. 


V. — Saltpetre. 

The experiments on improvements in the saltpetre 
refining process advanced a stage this year. A filter press 
was obtained from Europe which has shown itself able to 
deal with the mud very expeditiously. The pumps sup- 
plied with the press were, liowever, defective and another 
mode of applying the liquid to the press will now he tried 
In the meantime the sohihility relations of the cliiv! 
salts which are present haAe been worked out by Bahu 
Jatindra Nath Mukerjee and myself and published a? 
Memoirs of the Department of Agriciiltnre in Iralio^ 
Chemical Series, Vol. Ill, No. 7. 
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VL— SUGAP. 


The work of this section on sugar has been coti fined to a 
series of investigations at Tarnal) Farm. North-West 
Frontier Province. 

Eeference was ii!a(]e in my last Annual Eeport to the 
tests of the sugar-beets which Fir. Robertson Brown liad 
^rown. and to the fact that the quality of the roots had 
proved to lie \ery good. 

ri has Vieon evident tlironghont in resfieet to this crop, 
that the subieet must he considered from tiie manufactur- 
ing staml point, hecanse of tlie fact that marketable sugar 
could only lie produced froiii the beet root in a factory. 
This alone riecessitates a regular sup])ly of roots over at 
least several montlis becaii.se otherwise a factory could not 
hope to ]iay. Tt followed tliereforc that tlie next desirable 
step in tlie wiirk was to ascertain over bow many months 
this crop could lie satisfaclorilv produced, Mr. Brown 
agreed in this view and decided to sow ])l(>rs of sugar-beet 
at intervals over several months. 


A coiisequenee of this decision was that arrangements 
had to be made lor the testing ot tlie cro])s over a consider- 
able period, and it was there I ore decided to take this oppor- 
tunity of also testing the local sugarcane as also other 
varieties of cane at the Tarnab I' arm in as thorough a 


manner as j 

A third investigation now presented itself. It is cus- 
tomary in that locality to burv sugarcane in Decemter 
in order to preserve it' for planting out in the following 
April. The crop is all liaiaested in December and 
and cane could not he siiitalily left standing in tie ec 
until the succeeding time ot playing, fim met lo o 
l-U'eserving the cane in ' clamps is theie oie aiop e , 
and for the end in view the method ■' vei\ 
question then occurred, does cane, winch is ? 

manner, deteriorate from the ‘P 

We decided therefore to include some tests on tins , , 

The investigations had thus to do Ivoth with cane and beet. 
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Sugarcane . — There is a considerable area of sugarcane 
in the Peshawar Valley, which consists principally of a 
thick ” variety, yielding heavy crops. A number of 
samples, each consisting of about 200 canes, were tested 
in December and January and the following exam])]es 
illustrate the general quality - 






In .Tuice. 


Rate. 

Villago. 

Jnice 
per cent. 

Brix. 

1 

Sucrose 
per rent. 

i 

Glucose 
per cent. 

! Coefficient 

of 

purity. 

28*11-13 

Tarnab 

70-71 

14'S7 

1 12*03 

1*92 

b0*9 

2-12-13 

Zaklil 

74*72 

15-40 

12-24 : 

2-27 

’ 79*5 

l.Vl-U 

Tarnab 

76*b2 

15'60 

13*10 

1*67 

81*0 

10-1-U 

Tarnab 

77*65 

15-90 

i 

13*65 , 

1-49 

86-1 

3-2-14 . 

Tarnab 


i 16-10 

13-89 

1-39 

80-0 


The proportion of juice was obtained by crushing the 
cane in a Nahan bullock power mill. Tt will be seen from 
the above examples that it is a cane containing a high 
proportion of juice. United Provinces canes for example 
yield onlv some 00 — 65 per cent, juice to such a mill. The 
percentage of sugar in the juice is rather low. As the 
season advances the quality improves, hrom the manufac- 
turing standpoint the comparatively low percentage of 
sucrose is made up for in a great measure by the high pro- 
portion of juice and low fibre content which reduces the 
necessary maceration. The crushing season is limited to 
the months December and January. 

Other canes tested were imported varieties grown at 
the Tarnab or llaripur Farms, e.g,, Striped Mauritius, 
Purple Mauritius, Saharanpuri, Ih^rtabgarhi, etc., most of 
whi(‘li proved to be similar in quality to the local foundv- 

" Clamped ” cane, The rnetliod of ‘‘clamping sugm- 

cane in the Peshawar Valley is similar to that employed 
in Europe for preserving roots or potatoes. It l^e 
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briefly described. The cane is taken up with the surface 
roots, leaves and tops intact. The canes are placed on the 
ground in a neat flat heap, canes lying parallel to one 
another, and covered with about 6^^ of earth; they then 
j'emain undisturbed until the planting season in April 
Two experiments were made in order to ascertain whether 
the cane depreciates when kept in “ clamps — the one was 
made early in December when four lots of cane, each of 
about 4-5 maunds, were put in “ clamps," the cane bein^ 
very carefully sampled"^ and tested at the time; the other 
was made on January 15th, when t^vo lots of about 9 maunds 
eacli were clamped. The cane which was clamped in 
December remained for 21 days in the "clamp;" that of 
January was left until May and was tested at intervals of 
about one month. The data obtained are collected in tlie 
following statement: — 


Coni of su(jorc(Ut(’ before end njter rjfntiiifnfj. 


JncK. 


Vnriofy. 

Date >vl) 0 ,l 

l.Utbup n. 1 

.unre 

}iOr 


Sucrose I 

Glucose 

Cueffi* 

eii'iit 

of 


Oainp. 1 

CCUl. 

Bri.s. 

]K‘r j 

1 





iCiit. 

1 rvlU. 

])urity. 

Stripftd Mauri- 

•J4-11-13 ^ 

65AS 

14-27 

10-S'i 

2-22 : 

76-12 

lius. 


87' 27 

u-io 

lU-GO 1 ce2 • 

75'19 

Stiipeil Mauri- 

2t)-lM3 

71'!!d 

i5'0l) 

1211 

: 1-51 

Sl)-27 

this. 



14h() 

1133 

i CS2 

77’29 

Loial jiouiula 

28-1M3 

7h’71 

ii'S: 

i2-e3 

J 1-02 

' 80-93 



7 1-73 


12 00 

1-92 

; 8U-IU 

L(tca! pouiida . 

2-12.13 

i i i i 

,,Va. 

12 24 

2'27 

i 7 0-50 


1 , 

07'TS 

ts-ia 

i 

2-08 

' 80-05 


* For a (lisciissioti of i rrovs in .^ninpling sugun’ane r.ee Mem., DCft. Av 
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Composition of sugarcane before and after clamping — contd. 



Date of 
putting in 
clamp. 


Juice 

per 

cent. 


Juice. 


Vark’ty. 

Date when 
tested, 


Sucrose 

per 

cent. 

Ghu-ose 

per 

cent. 

..... 

C’oelH- 

cii'Ut 

of 

parity . 

Local pounda 

15-1-14 


rG'92 

15^G0 

13’10 

1-G7 

B3'99 

A 


ni-2-14 

7G-31 

15-20 

12 22 

1S5 

80-37 



24-3-14 

72-.50 

15-40 

12-S2 

2-04 

83-22 



■14-4-14 

7()^73 

il’OO 

12'6G 

1 52 

84-31 

Local pounda . ^ 

15-1-14 


7G-72 

15-90 

13- G5 

1-54 

85-^4 

H 


16-2-14 

73‘25 

IGOO 

12-97 

l'T5 

SI -08 



24-3-14 

72^40 

15- iO 

1-2-U 

2*00 

80-21 



24-4-14 

71‘.59 

14*S5 

12-19 

1-G7 

82-ui) 


An examination of these hgnres sliows that tlie follow- 
ing deductions may be drawn : — (/) Tliere was probably 
some reduction in the proportion of juice in the cane, due 
to loss of moisture during the period it was in clamp. 
Whether this was so during December is doubtful, but it 
certainly occurred during the three months from January to 
April. This is almost to be expected owing to a certain 
amount of drying; at the same time it is to be remembered 
that there is the error due to sampling, especially when, 
as in February, March and April, canes had to be drawn 
out of the heaps. Another error rests with the mill, wliicli 
cannot be always tightened up equally at different times. 
Regarding the sucrose, glucose and purity, these did not 
change during December, the small variations which were 
found by analysis must be attributed to experimental error 
chiefly in sampling. The results oi' the December experi- 
ments are indeed reniavkably satis factoiy. During the 
much longer period January to April, the individual tests 
of the experiment marked “ A ” exhibit some variations no 
doubt due chiefly to sampling, but it is evident that except 
that the cane dried sornewiiat, this lot of cane suffered no 
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appreciable change. The lot of cane marked B " probably 
suffered some small depreciation, but it \vas subject to 
slightly different circumstances. It has been mentioned 
that the local practice is to take up the cane with its surface 
roots intact. If, however, this mode of preserving cane for 
a factory were adopted, it was tlionglit tliat this factor 
would add somewhat to the cost, costing rather more to lift 
from the ground and ratlier more to carry. Hence the lot 
of cane marked B was clamped \vitbout roots, but with 
leaves intact. This canc, as also all tlie other, remained 
practically perfectly sound, only the cut ends of tlie cane 
showing si<gns of rotting. This factor probably accounts 
for the somewhat greater depi'cciation of the juice, though 
it may be also partly due to error of sampling. 

In any case these experiments show that sugarcane may 
be jireserved in clam[)s o\er considerable periods practic- 
ally intact. 

Gar.- A luuuber ot samples of the locally made gur 
sveve analysed. These \aried (with one exception) from 
70 — 71 ])er cent, sucrose, and from 12- 15 per cent, glucose. 

Siiffar-bi’et. T\\\) varieties of sugar-beet were sown, 
namely. \'ilmorin and Klein AVaiizleben. One plot of the 
latter was sown on September 'iOtli, and ])Iots of the former 
were sown on October iOtli and 20tli. November 10th and 
20th and Februaia' 20tt]. Germination and subsecpient 
growTh were very good and uniform, dests oi these plots 
were made frequently, (-omineneing naturally with the 
earliest sown. The sam])ies consisted at lirst, in each cafee, 
of about 20 roots taken from unitornily disti’ibuted points 
over the plot, which enabled one to form an opinion on the 
progress of sugar forma tiom and so soon as the roots ap- 
peared to 1)0 well grown, the number of the roots was 
increased to about 100 per sample, oiken simiiarly from 
uni for inly distributed points. Not only do such samples 
yield acxairate information as to the quality of the crop, 
but, together witli a knowledge ot the number ot roots ])cr 
plot, indirectly of its weight. 



24 


KEPOKT OF THK AG1<TCIH/L'U«AL UESEAllCH 


For example the following instances may be quoted to 
show how w^ell duplicate samples agree : — 



Xnjuhor oT roots. 

ATeragc wolglit 
per rnf>t, 
grill !<, 

. Eatimatod iveiglit 
pPr a( re, 
tons. 

Sucrose in root, 
per font. 

100 

75') 


14-68 

100 

711 


14-73 

07 

012 

14-9 

11-9 

90 1 

G-17 

15’S 

12:5 


The following conclusions were drawn regarding the 
beet root crop : — 

{/) The average wauglit per root reached approxi- 
mately 1 lb. at the end of six months from date 
of sowing if sown between September 20tli and 
November 20th. Those sown on February 20th 
grew faster, and were fit to crush in June. 

(if) The percentage of sugar was found to be between 
12 and 18 in Klein Wanzlcben and between 10 
and 11 in the Vilmoriii when the roots w^re still 
quite small. 

(/’//) While the cold weather lasted the siuTose per- 
centage remained rather low, but so soon as the 
hotter weather set in at the end of A|Til there 
was a marked increase at least in all those sown 
on or before November 10th ; thus we liave : — 


i 

Sown. j Date of samj)le, 

1 

Sucrose per cent. 

C April 21st 

131 

September 20th . . ■< ' 


( j May 7th 

1.V6 

cl April 22n(i 

11-2 

October 10th . » A 


( May 14tli 

1,V3 

( April 23rd 

10-5 

October 20th . , ) 


( May 15tli 

1 14-7 



INSTITUTE AND COLLEGE, PCSA, FOR 1913-14. 25 

(i?;) The percentage of glucose was about T per cent, 
in each case. 

(y) The coefficient of purity was found through- 
out to vary from 80- -90. 

(vi) The weight of roots was estimated to be about 20 
tons per acre at tiie time of optimum quality. 

(vU) The roots sown February 2Qth were not tested 
later than May 31st when the sucrose had risen 
to 12-2 per cent., but they were perfectly sound 
and growing well at the end of June. 

It is thus fairly evident that sugar-beets of good 
manufacturing quality can be grown so as to be ready by 
the middle of Marclu and by sowing on siicxcssive dates, the 
supply could be maintained until the end of June. 

This investigation of the siignr (‘apabilities of the 
Peshawar Valley has thus shown that — 

(?) sugarcane can he had in the field during Decem- 
ber and January, 

(ii) til at sugarcane may be preserved in a sound con- 
dition in clamps over the months February and 
March, and 

(Hi) that a sugar-beet ci'op (culd be grown so as to 
supply a factory from the middle of March until 
the end of June. The factory would naturally 
have to be fitted to deal with both crops, but 
there should be no difficulty in arranging for 
this and the potential length of campaign, six 
or seven months, is unusually long. 

Production of ,<u(jar~heet seed .'^, — A number of roots 
ivere transplajited for seed this year and some of these were 
tested at the time of transplanting, so that if seed is 
obtained, their progeny can be again tested and the process 
of selection of acclimatised [fiants commenced. 

VII.— Milk. 

Milk of Montgomery cattle . — Beiween December 1911 
and June 1912 a series of tests of the quantity and quality 
ef the milk of selected C(wvs of the Montgomery herd at 
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Piisa was made in collaboration with my colleague 
Mr. A. C. Dobbs, then Imperial Agriculturist. The pre- 
cautions which we employed in order to avoid experimen- 
tal error as far as possible are dealt with in a succeeding 
paragraph. 

Aithougli the analytical part of the work was naturally 
completed day by day at the time, it was necessary, in order 
that the data obtained might have their lull value, to 
examine them carefully and ascertain the probable errors 
mathematically. This ] portion of the work was done during 
the hill recess 1913, and explains why the subject was only 
brielly referred to in my last Annual Report. 

Altogether three scries of tests were made; with three 
cows in December and January; with twelve cows in April 
and May; and with ten cows in September to Noveml)er. 
Most of tliese cows had calved recently and were in " full 
milk ’’ or fairly full milk.'’ 

Regarding the i/irld of milk, one half was obtained by 
hand milking (see succeeding paragraph) and from these 
data the total production of each c'ow was ascertained. This 
\aried considerably, being as small as 8 lbs. in one case and 
as high as 18 lbs. and 21 lbs. respectively in two others. 
The majority produced irom 10 to 14 lbs. per 24 hours. 
The tnorninq and evening yields were found to be approx- 
imately equal in ail cases; the |)eriods between milking 
were 12 hours each, in res|)ect of fat the percentage 
varied generally from 4 to H. but was jjs low as 3-5 in one 
or two instances. The [jerceniage of s^olkh-not-fat varied 
from 8-2 to 9-0. 

The mornuKj and evening milk was not equally rich, 
the morning in ilk being systematically richer by about 1*0 
])er cent. ; in some cases the difference was as small as *3 per 
cent., in others as high as To per cent.; the mean difference 
for the 25 cows was '91 per cent. 

Tests of the yield ami composition from different parir 
of the udder showed that : — 

(i) Usually the yield is approximately equal from the 
right and left side- respectively, though there 
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were live cows which }) rod need more milk from 
the one than from the other half udder. 

(it) fn respect ol fat laa'ct'iilaar, with one exc^’ption, 
the milk was of equal richness from either half 
udder. The qualftij of tlie milk from the 
several ([luu'ter^ of the uddei' was tested in 
T)eceni])er and January for three cows, and here 
characteristic differences weic met: wdth, for in 
one case the milk was systeim\tically richer 
from the fore, than from the Innd-qiiarter, in 
another case it was systematically ]'ichei‘ from 
the hind, tiiaii froTii the fore-quarter, whikst the 
third cow sliowcd no such characteristic differ- 
ences. Whilst the nmnl)cr of ijistances is so 
small that one cannot say that such instances 
are not excejiiional, the tests were conducted 
over so long a period, upwards of two months, 
that the data ain not to be ascribed to acciden- 
tal error; tiiey are real differences for the two 
cows, howe\er exceptional such cows may be. 

Errors larolred m naiknuj milk tests. — When wc 
decided to make a sei'ies oi milk tests ol tne Mont gome r\ 
cattle, it was apparent that an attem|)t should he made 
either to aNoid several ei'ic>rs which arc liable to occur and 
which very frequently ndnimise the value ot sueli tests, or 
to estimate their magnitude. Lhese may be biiehy 
summarised. 

(f) The niiniber of cows should not be very suiail. Onh 
three were included in the first period, but twelve and ten 
cows respectively were eiijjJovetl in two subsequent peiiods. 

{ii) If the periods elapsing between, milkings are 
unequal, it is known that this alone affects doth the quantity 
and quality of the niilk. As ilieiv was no ddhculty at Pusa 
in making these jseriods equal, all ti e cows were milked at 
12 hours' intervals, the variation n. length of tins peruKl 
being not more than a minutes, wliicli is a ueg igi > e 
quantity. 
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(///) In India it is usually difficult to persuade a cow 
to yield milk to the hand without the calf sucking at the 
same time. At Pusa this was found to be regularly so. But 
obviously if the calf takes an unknown quantity of the milk, 
the total yield cannot be correctly ascertained; and without 
the adoption of special precautions this factor affects the 
percentage of fat also. The practice at Pusa with this herd 
is to allow the calf to take all the milk of one side of the 
udder whilst the other lialf is hand drawm, the idea being 
to ensure that the calves have a liberal allowance. It 
remained therefore to ascertain whether this practice is 
accompanied by any systematic erroi's, e.g., is the one half 
udder as thoroughly stripped b> hand as the other half is 
by the calf i The system which we adopted for these tests 
was to allow the calf to take the milk from one lialf udder, 
say the right, whilst the left half was iiand milked, for 
two milkings; then for the following two milkings the calf 
was given the left half, whilst the right half udder was 
hand milked; and this sequence was followed day by day. 
During the first half of the period, i.e., approximately for 
one moil til, the change from riglit to left side was made at 
the morning milking, whilst tliiring the second half period, 
it was made at tiie evening milking. By the adoption of 
this system of milking it was evident that if the calf 
obtained more milk than the man (/.c., if the hand milking 
were the less perfect) or if more milk were secreted during 
the night or day time, su^ti'matlc differences of yield would 
be i^erceptible in the records which could be traced to one of 
these two causes. Tlie data showetl no such systematic 
differences and it became evident that the calf and man 
were equally efficient in stripping the udder. Tlie source 
of error due to not lieiiig able to milk these cows entirely 
by hand, was thus avoided. 

An examination of the data, both of yield and of per- 
centage of fat, showed that the probable error of iudiridnal 
tests was unusually small. The probable eiTor of yield for 
individual milkings was only p ’27, and for percentage ot 
fat it was only ^ '29, which are small wlien compared with 
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similar records which have been obtained elsewhere. The 
principal deductions depended on the arithmetical means of 
all the tests of any one period, and tlie probable error then 
fell to rather less than -1 both in the case of vield imd jier- 
centage of fat. AVe \\cre thus enabled to decide with great 
acciirac^y what differences wei’e due to error of experiment 
and what were real differen(‘es in yield or qiialitv. 

Error due to milking in the ordinary /euv- -During a 
part (28 days) of the third jieriod, September to Nov- 
ember, the ten cows w^re hand milked as for profit, that 
is, the calf was allowed as little as possible, the object bein^ 
to ascertain the magnitude of the errors which such a 
method w^ould incur. The yields by hand wTre about 50 
per cent, greater during tliis time, wdiich w as to be expected. 
It is also obvious that under such conditions the real 
quantity of milk secreted could not be ascertained. But 
in addition to this, the iirobalile error of an individual 
milking rose from _r -20 to ^-74. that is. it became three 
times as great. 

Detection of added n'oter in During recent years 

the reliability of tlie freezing point of milk as a criterion 
of its freedom frtmi added waiter lias been recommended, 
chiefly by Brow nlic Henderson in Queensland. It has been 
found by him and others that the freezing point of pure 
milk is so constant that a conqiaratively small addition of 
w^ater, ejj., 2 ])er cent., can be detected. At jiresent the 
method is purely empirical and would only become depend- 
able if a large niunlier of tests showed wduU the variation of 
freezing jioiiit of pure milk is. To this end the freezing 
point of the milk of a. numbei’ of individual cow's and biifla- 
loes at Pusa, at the Lyallpur Agricultural College and at 
the Military Dairy Farm, Peshawar, -was determined, and 
it seems certain that cncu among individuals the varia- 
tion in freezing point is only small At Pusa it varied 
from ' -543^ to- at Lyalbmr from -■527'^ to 
-•562^0., and at Peslmwar from --529^ to --564^0. 
The variations between individuals are naturally greater 
than between samples of the mixed milks ot a herd: thus 
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the freezing point of cow’s milk at Pnsa was — *555^0., at 
Lvallpur ~ '547*^, at Peshawar -•537'^, and Hnffalo’s milk 
at Peshawar - -552^. The standard freezing point assumed 
by Winter is--550'^C.. and a freezing point -- •537'^C. is 
equivalent to 2-36 per cent, of added water. Thus for 
mixed milks 5 per cent, of added wmter could be detected 
witli certainty, wliereas if dependence is placed on the per- 
centage of solids-notTat. there are cases where 10 per cent, 
could not be sworn to. losing Pusa cow’s milk, to which 
known amounts of water were added, the freezing point 
indicated the following percentages of water: — 


"lulirated. 

.■'ni 

10-n 

Actual 


]1V(1 


iZl d 

05-0 


VIII. — Programme of work for 1914-15. 

Major suhjecis : — 

1. Examination of the sugarcane and sugar-beet crops 
at Peshawar and the storage of these crops in '' clamps. 

2. Experiments on possible imjtrovements in the refin- 
ing of saltpetre will be continued. 

3. Records of the amount and nature of drainage water 
from fallow land and froin land bearing crops are u’ain- 
tained. 

4. An investigation of c‘(Mdain of the constituents of 
Lathyrus sat. is being conducted by the Snpern inner ar\ 
Agricultural Chemist. 

5. The ratio of Argon to Oxygen and Argon to Nitrogen 
in soil gases under ('ertain specified agricultural conditions 
is being determined. 

Minor subjects:-- 

0. An attempt is being made to ascertain the nature of 
the hydration of clay in soils. 
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-IX. Plbucatioxs. 

The following have been issued : 

1. The Yield and Composition of tlie Milk of tbo Montgomerv 

herd at Piisa and Errors in Milk Tests. J. 'W. Leather 
and A. C. Dobbs, Mem. Dept, of Arjri. in India, Chejji. 
Sor., Yol. ill, ^ 0 . G. 

2. The System Potassium Aitrate, Sodium ('hloride, Water. 

T. W. Leatlier and Jatindrii Xath Mukerjeo. Mem. Dept, 
of Agri. in India, CheTti. Ser.. Vo]. HI, Ao, T, 

3- Lhe sysionis (A) Water, Mao-iic-amu Carbonate and 
Carboni<‘ Acid. (P) AVater, Cabium Carbonate, Mag- 
nesium Carbonate and Carbonic Acid. J. W. Leather 
and Jutindra Nath Sen. Mem. Dept, of Agri. in Indou 
Chein. Ser., VoJ. Ill, No. 8. 
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REPORT OF THE IMPERIAL ECONOMIC 
BOTANIST. 

(A. Howard, C.LE, M.A., A.R.C.S, F.L.S.) 

I. Staff. 

Charge , — I held charge of the section at Pusa during 
the year under review from October 18th, 1913, till June 
30th, 1914. During the remainder of the period, I was on 
combined leave when the Second Assistant, Maulvi Abdur 
Rahman Khan, was in cliarge of current duties at Pnsa. 
This assistant did good work during my absence and was 
rewarded by the grant of a charge allowance. 

Sta'ff. T\\e work of the staff continues to be satis- 
factory. In addition to the assistant mentioned above, the 
only case for individual mention is that of Tml Singh, who 
has been promoted to the post of Second Fieldman at Pusa. 
Fieldman Ram Prasad died during the year when the sec- 
tion lost the services of a loyal and hard-working man. 


II. — Wheat Investigations. 

Dhtrlbiitlon of Pu,<a Wheat.'^ in India. 

In previous annual reports, a full account has been 
given of the preliminary work connected with the ])i‘oduc- 
tion and also wdth the trial of Pusa wheats in the various 
wheat-grown ng tracts of India. .\t the same time, refer- 
ence has been made to the investigations on the infliien(‘e of 
the environment on the milling and baking qualities of 
these wPeats, wPich have been carried out in collaboration 
with Mr. Leake and with the invaluable help of Mr. A. E. 
Humphries. It is not proposed to refer now in detail to 
these preliminary matters wdiich w^ere I’ully described in the 
annual reports for 1911-12 and 1912-13. 
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The outstanding feature of the work of the last year has 
been the demonstration of the fact that one of the new 
wheats, No. 12, is the best for general eultivation botli in 
the Gangetie plain and also on the black soils of Peninsular 
India. This wheat has also given satisfactory returns, 
both as regards yield and quality, in the barrmi tracts of 
the Punjab where it is now being grown by the cultivators, 
The behaviour of this variety is of the greatest importance 
in the work of improving the wheats of India. Judged by 
the returns obtained by the people themselves, not only in 
almost every District from Gurdaspur in the Punjab 
through the United Provinces to Bhagalpiir in Bihar, but 
also on the black soils in Bundelkhand and in the Central 
Provinces, this wheat has invariably given the highest 
yield. At the same time, it has been demonstrated that its 
milling and baking qualities, have been maintained unim- 
paired, both under ha rani conditions and also under canal 
and well irrigation. In addition to the satisfactory yield, 
the numerous trials of Pusa 12 by the cultivators in the 
United Provinces, during the last wheat season, have 
brought out the fact that it is able to maintain itself with 
far less wmter than late sorts like Muzaharnagar, which 
need at least one more watering. Pusa 12 is a red chafied 
wheat with good straiv and its characteristic appearance in 
the field is of considerable advantage in the work of replac- 
ing the country wheats, which for the most part are shorter 
in the straw and have white eliafi. Ihe grain is w iite in co 
our and larger and more attractive than Muzaffarnagar, 
A single improved grade of white wheat can no^v e grown 
over a very large portion of the wheat-growing area of 
India. This will be an enormous advantage to the expoit 
trade and at the same time will be ot gieat use 
point of view' of the food ot the people, ^oi oca consu 
tion, Pusa 12 is worth at least two annas a maimd more 
than ordinary Indian wdieat. 

Pusa 12, when placed on the Calcutta 
first time this year, found a ready market a y ' 
fetched four aiinas a inaund above l)>nn w lea s 
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appearance alone. This fact is promising from the point 
of view of the first shipment of this wheat to Great Britain. 

The distribution of Pusa 12 to cultivators is now being 
actively taken up by the Agricultural Departments of the 
United Provinces, the Pun jab, Bihar and Central Provinces 
and all the available seed has been distributed. The supply, 
however, was far below the demand and, in particular, the 
indents from the Ignited Provinces could only in part be 
met. Steps -have been taken to remedy this and it is 
expected that the seed farms in Bihar and some of the 
indig’o estates wall be able to jmovide about 10,000 maunds 
of Pusa 12 in April 1915 to supplement the general seed 
supply of the Agricultural Department. On the indigo 
estates in Bihar, Pusa wheats are now almost exclusively 
grown and wheats like Muzaffarnagar have been given up. 

A beginning has been made during the present year in 
the work of growing sufficient Pusa 12 at a fe^v centres in 
the Central Circle of the Thiited Provinces so that the sur- 
plus can he sent as a special shipment to England for the 
purpose of introducing this Avheat on the Home markets. 
The co-operation of Mr. B. C. Burt, the Depute Director of 
Agriculture, has been secured in this matter and the neces- 
sary financial assistance has been given liy His Honour the 
Lieutenant-Governor of the Ignited Provinces and hv the 
Agricultural Adviser to the Government of India. By 
taking advantage of the dovelnimient of the Co-operative 
movement in this Circle, it is Imped to replace systemati- 
cally, fi'cm certain centres, the country wheats by Pnsa 12 
over large areas. The experiment is an interesting one, not 
only from the point of view of the trade in an improved 
product, hut also as a means of disc-overing how far tlie 
Co-operative movement (‘an be used in the distribution of 
an improved variety in a systematic way. 

Another aspect of the success of l^usa 12 over so large a 
portion of the wheat-growing area of India I'OTnains to be 
considered. It is sometimes stated that tlie agricultural 
(‘onditions vary so much in India from ]'>roviTU‘e to 
vince and also in different parts of the same province, that 
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the work of improving any widely ailtivated crop can only 
be done locally and at a number of stations. In reality this 
idea is not supported by the facts. It is true of course that 
the conditions under which wheat is grown in India vary 
widely, and that a knowledge of the.se conditions is essen- 
tial in the Avork of impi'oving the war). It is also true that 
a single area of fifty acres in the Gangetic- alluvium, if 
skilfully selected, exhiints an ex(‘e0dinglc wide range of 
soil conditions, which, from tlie point of view of the require- 
ments of tlie wheat crop, ^arv almost as mneli as any tAA^o 
of the wheat-growing j)roviTK‘os of India. Tly taking 
advantage of this circumstance, it is possible to make a 
single AAdieat lireeding station serve for almost the Avliole of 
India. 


Wheat Breed ina. 

The fourth generation of the crosses l)etAveen Indian and 
English Avheats. referred to in the previous report, liavebeen 
Avorked through during the year. A large range of indivi- 
duals has been sehTled for fiirtliei' growth, all of Avliich are 
characterised by strong straAv, rust resistance and attrac 
tive looking grain. Tlie range in time of ripening of tiiese 
plants is very gi’eat. Some ai'e earlier than Thisa I while 
among those with enormous tillering jinwer are nnmerous 
individuals whicli will |)rohahly ri])en too late for any of 
the wheat trac^ts of India e\ce[)t |/Ossibly the Quetta valley. 
Tliis group of wheats is by far the nuist ])romising material 
obtained at Piisa. Some types will proliably be fixed in 
1015, after which they will be tried in tlic various wheat- 
growing trads. 

III. OTHF.n Txvkstioatioxs. 

Progress continues to be made in tbe tobacco 
investigations at Piisa. 

Further results have been obtair.d with the cigarette 
tol)a(‘(*o known a^ Ty]ie A good many of the indigo 
estates in Pihar are now gi’OAving this tobacco for tbe Indian 
Feaf Tobacco Development Com pan v at Dalsing Serai and. 

d2 
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in April last, an increased quantity of self-fertilized seed 
was distributed. The yield of this tobacco under estate 
conditions is very satisfactory and it is also being taken up 
by the cultivators for the local trade. On a few estates, 
Type 28 is being cured on racks, the price obtained for the 
first quality leaf being Rs. 25 per maund. Arrangements 
have been made to grow at Pusa the seed of this tobacco 
required by the planters and others so that this variety can 
be maintained true to type and natural crossing prevented. 

The importance of improved methods of growing the 
seedlings of this crop was referred to in the last report. By 
partially sterilizing the seed beds, the seedlings grow faster 
and stronger and are ready for transplanting about a week 
or so earlier than when grown in the ordinary way. It is a 
great advantage in Bihar to be able to rely on an abundant 
supply of strong seedlings at the proper time so that even 
fields can be established on the hathia rains. Work is in 
progress at Pusa with the object of devising the most econo- 
mic method of adapting the results obtained to estate 
conditions. 

Interesting results were obtained during the year on 
green manuring for tobacco with sanai {Crotalar'io 
juncea, L.). These results supplement those already pub- 
lished in the Agrimltural Journal of India (Vol. MI, 
1912). It was found then that if the interval of time 
between ploughing in the green crop and transplanting 
the tobacco exceeded two months, the effect of the green crop 
diminished and finally disappeared altogether. During 
the past year, the effect of diminishing the time between 
ploughing in the sanai and planting the tobacco was tried. 
It was found that any period less than two months was too 
shoi’t for the decay of the green manure and when the 
period was less than one month the crop obtained was very 
poor. Across the plots in which the sanai had less than two 
months to decay, a broad strip was subsoiled some time after 
the green crop was put under. The result was a great 
improvement in the vigour of the tobacco crop and the sub- 
soiled strip stood out markedly from the rest. It is prob- 
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able that these latter results can be explained by the work 
of Kidd {Proc. Roy. ^oc., B, Vol. 87, 1914) who has shown 
that the decay of green manure produces so much carbon 
dioxide in the soil as to inhibit the germination of seeds. 
Until a certain stage is reached in the decay of a crop like 
sanai, it is quite possible that want of oxygen and excess of 
carbon dioxide would be limiting factors to a rapidly grow- 
ing crop like tobacco. That a poor germination is obtained 
if seeds are sown soon after a green crop of sanai is 
ploughed in, was observed twice during the past year at 
Pusa, once in the case of Java indigo and once in the case 
of tobacco sown in a nursery which had been recently green 
manured with sanai. The absence of any marked crop 
increase on the heavy lands in Bihai*, following a dressing 
of seeth. and also the poor crops obtained on such lands 
after sanai ploughed in (especially in wet years or when the 
soil is waterlogged by flooding) are probably also connected 
with oxygen siqiply. Kidd's researches are likely to prove 
of considerable interest to India. 

A paper is in preparation, by the Personal Assistant, on 
the inheritance of characters in Xicotiana rustica. T.., 
the observations on wliich were brought to a conclusion 
during the year. 

Qvdiii . — The selection work on this crop was continued 
and three of the most promising types, incluouig the high 
yielding white gram which \vas valued so highly at Bomba} 
in 19P2, have been distributed for trial on estates in IBhar 
and also in other tracts of India. A certain amount of 
natural crossing takes place in this crop, the extent of which 
under Bihar conditions is now^ being investigated. 

/w‘ftm*.-The work on the inheritance of characters in 
Hibisru:^ Sahdariffa was continued, but it was not found 
possible to complete this invesLigation during the }eai. T le 
work is being continued. 

The behaviour of some of the eultures of {Cfota 
laria juncea) at Pusa indicated that extensive natural cross- 
ing takes place in tliis crop when tw'o or more \arieties are 
grown next to next. The poilinalion mechanism in le 
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ilovver has been worked out and the functions of the long and 
short staiiieiis elucidated. Very little selling under nets 
takes place in this crop, the flowers only setting seed nor- 
mally after being visited by bees. These facts render 
variety trials in this crop exceedingly difficult. 

Methods of polUnution . — It is hoped during the next 
few months to bring out a second memoir dealing with 
natural cross fertilization and to include in it the observa- 
tions of this subject made at Pusa since the first memoir was 
published in 1910. 

Drainaife , — The great importance of a system of surface 
drainage in Bihar, which allows eacli field to deal with its 
own rainfall only and also prevents the loss of fine soil by 
surface wash, has been observed for some years at Pusa. 
Idle subject has been l)rought to the notice of the planting 
community in Biliar in a paper read at the meeting of the 
Bihar Planters' Association in Januarv’ last. I he Biisa 
method has been taken up with success on sevei'al estates 
and a great deal of attention is now being devoted to the 
subject. On the Dlioli Estate, tlu' lands are being divided 
u}) into drained areas about five acics in extent so as to 
admit of the use of reai^crs and other lab'.nir sav ing devices 
in the cultivation of wlieat for seed purposes. Mr. Dauby, 
in a letter dated January Jrd, 1914, gives his opinion oji 
this system of drainage as follows 

” During the past year I Itave applied the system of 
surface drainage to some 40 Iriglias and 1 iiitend to extern! 
it to the whole of my iactory zerol> heve aiid at the outworks. 
The lands which 1 drained in this way this year were 
formerly, in a wet year, more or less waterlogged the whole 
of the rains owing to the water from the higher lands 
draining into them. Tliis year 1 was able to cultivate and 
keep them clean all through t!ie ]‘ains and even after the 
late rains which we had this year I was able to sow wheat 
in them before the end of October.” 

A note (JU the subject of drainage and soil demidalion 
by rain wash was sul)mitted to the Board of Agriculture at 
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OoiiiibcitorB. Ill IS lids since been pub I i shed 111 the 

Quarterly Journal of the Indian Tea Asrochition, 

Indigo.— IhQ present portion of tlie iiidio-o investiga- 
tions has been dealt will), in detail, in a reiiorl to the Ilihar 
Planters Association published in January hist. 

The area under Java indigo in Pihar has fallen since 
1909-10 from 70.000 to about 15,000 bigiias in lOlJ. 
During this jieriod, the area uiidei' Suiiialra.na indigo has 
remained constant at about 45,000 liighas. Tlie decline in 
the area under Java, indigo has l)een a .serious blow to the 
planting community in Pihar. is wcJ knowii, this 

species is much richer in tiidicaii than Suinatrana wliich 
latter was exclusively grown m Hiliai' till the introduction 
ol Java indigo in {>^0'*'. ] lie lupid increase^ in the area 

under the Java plant gave I'ise to tire lio];e that the decline 
of the natural indigo industry would at least b(‘ arrested. 
Dilliculties, hoAvexci’, arose alter the cych^ of drv seasons 
came to an end in 190^, JJu' cron showed si'']]-- of ialliic'- 

A O O 

off in \'igour. the yitdd ol leal became less and diliienities in 
growing the croj) ior seen wore" ol fivpucnt oceiirreneiv 
The poor seed sown ga\e rise to still nioi-e weaklv vi-oj>s 
with the result that the area deeliiied eighty ];er cent, in 
lour years. Tlu' (auise of the tronl)]e is regarded loeallv as 
a disease to whicli the name ol * wilt ' lias been given. The 
nature of the disease has been investigated i.)oth by the 
JSirsiah Experiment Station and also by the xlycological, 
Entomological and Hactv'riologieal Sections oi the Pnsa, 
Research Institute. In all eases the results obtained were 
negative. Tiie nialttu' was also leferred to the Botanical 
Section at Pusa. It was uamd that the wilting of Java 
indigo, which takes i)!ace ;iite” the hist cut in /Inly, was 
due to the loss of the active voo\ systeai of tlie plant, result- 
ing from a long coiuiniied wet <onditi(m of the soil. 
Similar wilting is eomnion in Bilr r in ei'o[;s like yatira 
{Hibiscu.s' cdiunibin and se/n/Z (; ’’oialaria jiutrea) when 
sown at the beginning of the iiionsooii for seed purposes. 
All these deep-rooted crops are sensiti'/e to a constainly wet 
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soil and lose their active root system if this condition per- 
sists for too long a period. 

In searching for some practical remedy for this trouble, 
two lines of attack suggested themselves. In the first place, 
improvements in surface drainage and aeration of the soil 
might be expected to prolong the li fe of the plant. Secondly, 
sowing the crop specially for seed towards the end of the 
monsoon, so that the developing root system would follow 
the fall of the subsoil water, was a second possibility in 
case improved drainage and cultivation failed to avert the 
trouble in the case of indigo grown in the ordinary way. 
Both these methods were tried simultaneously. 

Among the various methods of surface drainage and 
interculture, tried during the monsoon on indigo cut for 
leaf in the ordinary way, no practicable remedy for the 
trouble was discovered. The waterlogging, which takes 
place in the fine Bihar alluvium and which leads to the 
destruction of the young roots of the indigo, cannot be 
entirely prevented by ordinary surface drainage and cul- 
tivation. The plants will not tolerate the constantly moist 
condition of the soil for the whole of the monsoon period. 

iTi the case of x\ugust sown indigo, very different results 
were obtained. The plants grew rapidly, escaped wilt 
altogether and gave rise to a fine crop of healthy seed the 
following March. After reaping the seed, the plants were 
cut back and then gave a good crop of leaf in the ordinary 
way the following rains. Similar results were obtained on 
a large scale on the Dholi estate. The Pusa results showed 
that, for seed purposes, Java indigo should be sown thickly, 
in lines about two feet apart, early in August on high, well 
drained land in good condition. In this way the plants 
escape the disease. They gnjw to a large size by the end 
of October and so carry a heavy crop of seed the following 
cold weather. Thus one of the main obstacles to the culti- 
vation of .Java indigo in Bihar has been removed and the 
planting community are now in a position to grow their 
own seed without any great outlay. After gathering the 
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seed, the indigo can be cut back and good crops of leaf taken 
the following monsoon. 

Attention has also been paid to the method of pollina- 
tion in Java indigo, from the point of view both of seed 
growing and of improving the plant in indican produc- 
tion. Pollination by bees is the rule and very few seeds are 
produced by covered plants. As would be expected from 
the method of pollination, the progeny of single plants 
showed that natural crossing is coinmon. These facts 
indicate that ordinary single plant selection methods in 
Java indigo are not likely to yield results at all commen- 
surate with the work which this method would involve. 
Some system of mass selection, in which undesirable forms 
are eliminated prior to flowering, seems much more likely 
to lead to improvement. Advantage will have to be taken 
of those individuals in the mixed crop which grow rapidly 
and strongly and which by their habit of growth and 
amount of leaf surface are likely to give the highest yields 
of green leaf. These will have to be grown sepaiutely, away 
from other indigo, and a process of rogueing carried out 
before flowering time so that all undesirable types are 
weeded out and not allov'ed to cross with the rest. The 
fact that bees are necessary for the pollination of -lava 
indigo indicates that for seed purposes the plants should be 
properly s]:)aced and not grown too close together. Copious 
setting is obtained if the crop is grown in lines about two 
feet apart. Culti\ated in tliis way. Java indigo branches 
freely from the ground and there is ample room for the 
bees. 

During the progress of tlie indigo investigations it 
became evident that one important method of improvement 
had been, to a large extent, neglected. In the past, it has 
been tacitly assumed that the methods of cultivation in 
vogue in Bihar are more or less perfect and that any line 
of advance must necessarily begin in iho laboratory. The 
results obtained at Pusa liave shown that a considerable 
degree of improvement is easily possible in tlie actual grow- 
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ing of the crop. Further, these improvements are well 
within the means of an ordinary indigo estate. 

After the removal of the cover crop, it is the usual prac- 
tice in Bihar to weed the young indigo crop by hand. This 
process is tedious and expensive and the work is not always 
well done. By the use of lever harrows in the early stages, 
and by the use of spring tine cultivators later on, a great 
deal of hand weeding can be avoided and at the same time 
the young crop is greatly improved by the cultivation. 
These lever harrows have been tried extensively on the 
Dholi Estate for two seasons and Mr. Danby reports as 
follows on the trials (Letter, dated January Jlrd, 1914) 

“ I meant to have written lie fore about the lever har- 
rows. I had six of these harrows in use last year and 1 
have ordered six moi'e from Messrs. Massey Harris. 

I harrowed practically the whole of my Java crop in 
February and March last after cutting the cover crop — 
wheat and The crop was greatly improved by the 

harrowing, besides which the wheat stubble and weeds were 
to a large extent removed. I estimate that the amount 
saved in weeding alone in one year was more than the cost 
of the harrows.” 

Some consideration lias been given at Pusa to the 
discovery of some practicable method of reducing tlie 
amount of wilt among Java indigo when grown for leaf. 
Very promising results were obtained during 1913. As is 
well known, the universal method of growing Java indigo 
in Bihai* is to sow it eitlier broadcast or by drills in lines 
close together. The result, in both cases, is a dense crop of 
unbranched plants among which leaf- fall rapidly takes 
place due to the crowding of the plants, thus leading to a 
great loss of indigo. Further, interculture to keep down 
weeds is impossible after the first cut. When the croji 
reaped, the indigo is cut down completely and the plant 
has to produce new shcxits during the monsoon at a time 
when its roots arc in very moist soil. Few plants will sur- 
vive uninjured such treatment during a heavy monsoon. 
When an indigo plant is suddenly cut down, the passage of 
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svater and food materials I'rom the roots goes on for a tinie 
and the stumps bleed. There are no leaves to carry on the 
transpiration current and the result is tliat the normal 
physiological processes in the plant are greatly a[)sct. It 
]s not surprising therefore that the new gi'owth is formed 
so slowly and that it is often unhealthy. iNlany plants, 
such as peaches and flowei'iug ci’eepers like lyomu'a, 
usually die outright when cut down to the ground during 
the rains and hardly ever recover. It was decided in 1913 
to try the effect of pruning the crop in July at the Ume o\ 
the hvst cut and to compart^ tlio beliaviour of plants treated 
in this way with those cut down coinpleteh'. The cro]) was 
<’'rown in lines, t^YO feel apart, to allow oi liranching. One 
half of the plot was cait down in the ordinary Avay, tlie rest 
pruned so that one branch was left at cutting time. The 
result was that the pruned |)lanls began to shoot earlier tiian 
those which had been cut down and moreover escaped wilt 
to a iiiucli greater extent. The total yield from the pruned 
plot was about thirty per cent, greater than that of the 
area cut down completely. A\’ork on this subject is being 
eon tinned with the ubjeet of linding the most economic 
method of growing the crop se) that it ean be pinned at the 
lirst cut instead of being cut down eompletcly. 

1V.--TKE Devki.oi>me:st of the iTarr Indistkv of 

ilALULlllSTAN. 

Ill the [)revious annual report, a complete account was 
given of the woiT at Quetta I’elating to the develoiiment ot 
the fruit industry in Hahichi>taii. A linei reterence to the 
progress made during tiie }K\st year will sullice to bring tii]i> 
subject up to date. 

Fniit and Aiji'lcidtund Fj. [ n'rihicnf :>talio/i. 

Considerable progress has been made in the pieliminai} 
work relating to the laying out and t luipmeiil ot tie luw 
Experiment Station at Quetta, the laiid has been laK out 
in large terraces with a suitable slo[)e tor ii ligation in two 
directions. Water can now be brought on to about t iiee 
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quarters of the terraces by means of two bricked channels 
so that the loss of water during irrigation has been reduced 
to a minimum. The rest of the area is commanded by earth 
channels only. A pucca road now runs through the area, 
the farm buildings, which include quarters for the overseers 
and workmen, have been erected and the work connected 
with the artesian bores has been completed. One of 
these bores has been fitted with an oil engine and a cen- 
trifugal pump and has been very thoroughly tested i)y 
pumping on it for eight hours a day for a month. By this 
means the flow was increased from one to about three 
thousand gallons an hour without affecting the normal flow. 
A certain supply of irrigation water is now assured what- 
ever may be the future of the large Sirklu karez of which 
two .^habanas of water belong to the Experiment Station. 

The method of ring budding seedlings in May and June 
has proved a great success under Quetta conditions and 
during the past year about 2,000 budded trees have been 
distributed. All the young trees are pruned in the nursery 
during the first year's growth and properly trained before 
issue to the public. In order to check waste of stock, all the 
trees, except those for Government use, were sold at the 
rate of two to the rupee. At the end of the present year it 
is expected that from six to eight thousand trees wijl he 
ready for distribution. 

Experience during the past year has confirmed the 
opinion given in the last report that by suitable methods of 
moisture conservation a great saving of irrigation water is 
[/ossible in Baluchistan. Further saving of water is possu 
ble by a proper grading of the surface and by bricking the 
main distributaries. In the case of wheat, a yield of IB 
maunds 30 seers per acre was obtained on an area of about 
three acres with one irrigation only. Ihis was applied be- 
fore sowing in October so as to ensure a good germination. 
Afterwards the soil moivSture was conserved by means ot a 
surface mulch produced by lever harrows. The ordinary 
yield of irrigated wheat near Quetta is not much over 
twenty maunds per acre and the usual number of waterings 
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is SIX to eight. The great saving of water possible by ths 

use ot a surface mulch m the ease of a wheat crop is there- 
fore obvious. ^ 

The growth of Persian clover (shaftful) as a green 
manure at Quetta continues to give excellent results When 
sown in August, this crop gives three cuts of green fodder 
weighing about 60.000 Ihs. per acre before the end of the 
following May. In addition, the last cut is either ploucdied 
in as green manure or a crop of seed is raised \ marked 
improvement m the water holding capacity and tilth of the 
sod follows this treatment. .\ small amount of seed was 
distributed during the year and ari'aiigements arc beim'' 
made to raise a large quantity this summer. 

The investiptions, referred to m the pievious report, 
on the yellowing of peach trees have resulted in the 
discovery of the cause and of an easy method of prevention. 
In the vegetable gardens in the Civil Station of Quetta the 
peach trees have, as a rule, very yellow foliage, often accom- 
panied by excessive gumming. Such trees die very quickly 
and do not bear a large crop once the unhealthy sym] 4 toms 
are well marked. The early symptoms appear to be iden- 
tical with the disease in the Eastern United States known 
as Peach yellows. Ihe later symptoms of the disease, 
namely, premature reddening and ripening of the fruit, are 
however not developed. The yellow (‘onclition is not pro- 
pagated by buds taken from affected trees and thus the 


disease is not the • Peach yellows " of the United States. 
Applications of soluble nitrogenous manures, such as nitrate 
of soda or sulphate ot ammonia, gave negative results, so 
that want of available niti’ogen is not c-onnected with the 
trouble. It was tound that if ,<liaffal is grown round the 
affected trees the disease slowly disaj^pears and tlie trees 
produce healthy growth. This result suggested that the 
yellowing of the foliage is due to want of air in the subsoil 
which follows the system of surface i’ldgation without any 
subsequent cultivation now in use at Quetta. During the 
present year this opi nion has been confirmed. Some of the 
peach trees at the Fruit Experiment Station were over-irri- 
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gated by surface flooding during March and April last and 
by the beginning of May the new foliage showed the char- 
acteristic yellow tinge. Irrigation was stopped and the soil 
round the trees was well cultivated right down to the roots. 
In less than a fortnight the yellowness disapfieared and the 
trees now show the characteristic shiny green foliage of 
vigorous growth. By growing the >^haftal in beds between 
the lines of peacli trees and by keeping the strip of soil, in 
whicli the trees occur, well cultivated the relations between 
air and moisture in the soil most suitable for the peach can 
be maintained. After the buds open in March the trees 
should only occasionally be watered directly as the roots get 
sufficient water when the beds of shaftal are irrigated. 

The sale of improved fruit boxes to the public and the 
trade was continued during the year. These are now in 
general use at Quetta and during tlie present summer it is 
hoped to complete the experimental work on this suhjtH-t 
and introduce several more improved packages. 

During my absence on leave in 11)13. Colonel Duke, 
I.M.S., Residency Surgeon and Chief Administrative 
Medical Officer in Balucliistan, kindly agreed to inspect the 
work from time to time and to give any necessary advice to 
the Assistant in Charge. This arrangement proved most 
useful. 


V. Programme and Publications. 

Progra mnie of trork for 

Plant hraeiVing and plant iin prorenaoit.- Work will be 
continued on the following crops on the lines indicated in 
the annual reports and in the publications of the section- 
wheat, tobacco, gram, fibre plants, indigo, oil seeds and 
fruit. 

Publications. 

Very little progress was made during tlie year in tln^ 
publication of results. This part of the work is now in 
arrears, hut a special effort is being mad(' this summer to 
bring the publication of results up to date. 
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The following papers were published during the vear - 

1. The Improvement of Indigo in Bihor fwitli G. L. 0. 

Howard), rublislied by the Bilmr Planters’ Association'. 

2. Soil Denudation Ity Painfall and Drainan-^. Conscr- 

vaiion of Soil Hf)isturc. Qtfarfrrh/ Jo'urnal Indian Tea 
A ia f io n, Pa r 1 J . 1914. 

3. The Seed Supply of tlie New Piisa Wheats fwitli G. L. C. 

Howard). Eeprinted in tlie A gnodfural Joumal of India, 
Uol. IX, Part III, 1914. 

4. Xotes on Drainage and Green Manuring (with G. L. C. 

Howard). Agrivaltural Journal of India, Yol. IX, Part 

II, 1914. 
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REPORT OF THE IMPERIAL MYCOLOGIST. 

(F, J. F. Shaw, B.Sc., A.R.C.S., F.L.S.) 

1. — Charge and Establishment, 

Dr. Butler heldVharge of the section until 28th March 
1914, when he proceeded on privilege leave and furlough; 
since this date I have been in charge of the section. I was 
absent on duty in Madras up to 31st October 1913, when 
Mr. McRae, Government Mycologist, Coimbatore, returned 
from leave. 

S. Pasupati Iyer, second clerk, resigned to take up the 
Sericu Rural course on 22nd November 1913, and Nripendra 
Chandra Sen filled the vacancy thus caused until 26th 
March 1914, when Md. Taslim was appointed. All the 
staff have worked well. 

II. — Training. 

Mr. A. C. Tiinstall, Mycologist to the Indian Tea 
Association, worked in the laboratory as a visitor for about 
a week in September and Mr. G. H. Alington, LF.S., 
Assistant to Forest Botanist, was deputed to study some 
tree diseases in January. Babu B. L. Gupta, B.Sc., 
Professor of Biology in the Reid Christian College, 
Lucknow, attended the laboratory during May and June 
and received a course of lectures and practical work on the 
morphology of the fungi. 

III. — Diseases of Plants. 

The investigation of the diseases of crops, the collection 
and identification of Indian fungi, and the giving of advice 
to cultivators and officers of the Department formed the 
principal work of the section. 

(1) Paddy Disease , — The most serious disease of 
paddy is that which is known in Eastern Bengal as 
‘‘ ufraf’ An account of this trouble has been published in 
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Bulletin No. 34 of the Department while popular descrip- 
tions have appeared in the Agricultural Journal of 
India and in a Bengali leaflet. It has been established 
that the organism responsible for the damage is a form of 
eelworm [T. angustus) belonging to the genus Tylenchus, of 
which several species are known to cause serious diseases 
of cereals. Inocnlations with material which, so far as 
could be determined, contained no other constant organism 
but the worm, have been successful in producing typical 
‘‘ ufra ” in localities where the disease was quite unknown. 
The disease eommences its ravages in July and culminates 
about September-October when large numbers of motile 
worms are present. After Deceml^er they remain immotile 
and dormant in the flry grains and probably recommence 
activity only witli the flooding of the fields after sowing; 
in this connection experiments have sliown tliat 7'. anifu.^- 
tus can withstand desiccation for even 15 months. It is a 
curious fact that transplanted paddy appears to be com- 
paratively immune to natiu’al attack. During the present 
year efforts have been made to ma.}) out the extent of the 
infected area and an expe lament is in progress at Comilla 
to test remedial measures. It is prohalJe that burning 
the stubble on the .soil after winter harvest will be found 
to be the most efficient means of combating this disease. 
The infected area in Ra stern Bengal appears to stretch 
from the Madhupur jungde north of Dacca to the river Ma- 
hari in Chittagong District, Westward the disease is 
bounded by the Padtna but the eastern limit is uncertain, 
the infected area almost certainly readies to tlie Meghna 
and further seardi is needed in tlie direction of Sylhet. In 
Tippera the northern limit infection is near Akliaura 
on the Assam-Bengal Railway and the disease is parti- 
cularly virulent in this district at Narianpur. Comilla and 
Chandpur, at TIegumganj and Chanmuliani in Noakhali 
District, and also at Fenni in Chitt igong District. Tlie 
most important fact in the distribution of this disease 
that it has recently been identified with the " saiihra, 
condition of paddy in the Kliunti Sub-Division neai 
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Ranchi; further investigations will be carried out in this 
area. 

The losses caused by ufra ” are very heavy. In 
Begumganj thana in 1910 the loss was estimated at 200,000 
maunds of grain atid in Cliaurnuhani in 1911 nearly half 
the winter crop was lost. The supreme importance of 
paddy as a food crop in Bengal and the virulence of this 
disease will make it the major work of this section for 
some time to come. 

An account of ScUrriHiiim Onjzm Catt. was pub- 
lished as a memoir of the Department. This fungus 
has been found attacking rice in Burma, in Madras, and 
also in Bihar and Orissa, in which latter province it has 
been collected at Cuttack, at Pusa and near Ranchi. Pad- 
dy infected by this parasite usually shows excessive tiller- 
ing and lightness in tlie grain, in fact there is frequently 
nothing within the glumes. In culture the morpho- 
logy of the fungus ])roved more or less dependent 
upon the nature of the mitrient medium. The observations 
of Cattaneo, who regarded the sclerotia as spore contain- 
ing organs, were not confirmed in the present memoir. 

Brief accounts of Rice Bunt [Tilletla horrida Tak.) 
and False smut [IjHHaginoidea rirens (Cke.) Tak.] were 
published in Bnlhdin No. 34. The former has been the 
cause of complaints from Germany, its spores having been 
found in rice imjxuded from Burma and Siam. Fheedive 
remedies for this type of disease are known, should the 
trouble become severe. 

(2) ^iugarcane dhea!^e , — Complete accounts of the 
principal diseases of this crop were published during the 
year as memoirs of the Department. 

Red rot ” has been tlie subject of previous publica- 
tions of this section. In the most recent communication 
the authors have worked out the mode of air-borne infection 
in the field, a point which had long been obscure. It was 
found that infection took place chiefly at the adventitious 
root eyes, although penetration was also easy at the slioot 
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buds. The chief source of infection was the form of 
Colletotrichuin fakatum w'hich occurs on the mid ribs of 
leaves. The process of sett selection, described in previous 
publications, offers the best method of combating this 
disease. In districts wrherc the local cnne is badly dis- 
eased a fresh healthy typo of cane slioidd be imported and 
setts inspected carcfullv each year hel'ore planting. 
Fortunately in India we Imve a large i-aiygc of iliese canes 
of hardy habit and great tillering ];ower. ^vliich are rela- 
tively immune to I’cd rot- anrl it has been found possible bv 
hybridisation to combine tlje characters of sucli canes with 
those of tlic thicker, heavier yielding varieties of other 
countries. The introduction of uew and irnmnne varie- 
ties of cane has been very successful in Ihunbay Ih’esidmicv. 
The Imperial Mycologist \ isited Surat in October last and 
concluded tliat while the present stall' of the cane wa, 
good an outbreak of disease must lie ex]:)ected unless there 
is a marked imjuweinent in loc-al cultivation. At present 
the canes are grown in low lands and are ])ractica]ly water- 
logged. The adoption of the Godavari trenih system or 
the nursery system of cultivation common in Gan jam is 
recommended. 

The wilt disease of sngarimiie was fiuind to Im due to 
the attack of keplKflosixnhuu Snechuri lluth. a liitherto 
undescribcMl speidcs. Phis disease strongly resemliles " I'ed 
rot,’' but in the ease of infection by aird)oriie s[)ores the 
plant was louml to be fai‘ more siisceptdde to intection 
at stem wounds tlmn in the previous case. Ihe disease 
has been found at Surat, Foona, Namalkota and tlironghout 
North eastern India. Ihie ccmtrt)] ol the trouble siiould 
be on the same lines as in time red rot. As, itowever, 
wound infection is more common, the importance of remov- 
ing diseased clumps before they have time to rot and set free 
spores is much greater. It is jirobalde that this disease is 
incapable of doing [permanent damage so long as the 
measures advocated against red rot, which arc essential 
to the successful growing of thic’k cane iu Northern India, 
are carried out. „ 



52 


REPORT OF THE AGRTCUTTURAE RESEARCH 


'' Collar rot of sugarcane is due to the attack of 
Hendersonina Sacchari Butl., a hitherto undescribed genus. 
The outward symptoms are a withering of the top and a 
black rot of the roots ; the lower nodes show a red 
discoloration in the pith. The roots and the base of the 
stem are full of the hyphae of the fungus from which cuh 
tures are easily obtained. Both in cultures and on diseased 
canes a pycnidial stage was observed; the pycnidia are 
peculiar in containing two types of spores in the same 
loculus. Inoculations with pure cultures of the fungus 
were carried out at Samalkota and were successful in pro- 
ducing the disease. This disease occurs at Samalkota and 
at Jorhat: the extent of the damage caused Iw it is 
unknown. 

Ilelminthosporiose of sugarcane is due to the well 
known genus Helminfhosporivm, of wliich H. Sacchari 
Butl. is a ne'w species. This fungus is common on the 
leaves of sugarcane in Piisa where it ])roduces small red 
discolorations. Inoculations with juire cultures were 
successful. The damage done by this disease is at present 
negligible. 

Smut of sugarcane {Vsfilafjo Sacchari) has been unde]* 
observation in the Central Provinces and culture work 
with tliis fungus is now in progress at Pusa, Sereh ” of 
sugarcane was reported at Jorhat and Coimbatore during 
the year. The Imperial Mycologist visited Coiml^atore i?i 
October last and satisfied himself tliat “ sereh ” disease was 
not present. 

(3) Palm diseases. — During the year an outbreak of 
bud rot took place among the coconut palms of Malabar. 
The disease was investigated by the Supernumerary 
Mycologist, who was at that time officiating as Govern- 
ment Mycologist, Madras, and proved to be due to Pythium 
palmivorum Butl., the cause of the palmyra palm disease 
in the Godavari district. The fungus was studied in pure 
culture for the first time and inoculations were successfully 
carried out. It was found that the fungus was particu- 
larly active in producing rows of spots on the young loaves 



iNSirrUTE AND COIJJ*:gE, 1‘1'SA, KOU 1013-11. 53 

of coconut palms. Ironi sucii infections the fungus roaches 
the central bud by means oi motile zoospoves lieing washed 
down the leaves. OiU'C the soft wliite leaf bases a,ie 
reached a virulent rot takes \)h\{v leading to llie deatli of 
the tree. As the result of numerous o])servations on the 
dischai'ge c)f zoospores it was conclmied tliat the fungus 
probably belongs to tlie genus Phytoijhthnra and not to 
Pythiim. 

Active measures, on the lines of those in opei'ation in 
the Godavari, have been taken against the disease hy the 
Government of Madras. A popular account of tliis trouhlo 
has been juiblished in the A {iricultHrnl Journal of India 
and the more scientific results have appeared in the A nnalcs 
Mycoloairi. 

A collar I'ot " of areca jialins has been identified in 
Sylhet and Khulna and is pnhably due to Fames Incidu'^ 
(Leys) Fr. This fungus also occurs on (Jnazoma and pure 
cultures havc^ been obtaim'd from tfiis source l)y Mi'. Hafiz 
Khan. Inoculations lia\e shown that the fungus is a true 
parasite on Gtiuzotna and work is being continued on the 
areca {lalin. 

(4) Rhizoetonia . -\\\ .lamiary last thmo was a bad out' 
break of disease on Ihisa Jou'iii due to this fungus. The 
crop afTecded was chiefly mustaitl. hut the parasite was 
almost omnivorous. The fungus was Rhizorton la \ay’f 
West - a species not previously observed in India. It is 
under observation in jiiire cuitui'e: it a]^|K\irs to ho iiicap 
able of growth at the tem[)erature of the iiot weather and 
rains in Pusa. 

A I’ot of stoi-ed potatoes at Salnjui’ and Haiikipoi'e was 
als</diic to Rh ! zoetanni . The species R SoJam Kuliii ^^as 
c'ommoii and in one case a ^erv had rot was identified as 
due to R. dc^traens Tass. 1 he lattet* tungiis vas also a 
virulent parasite ou Delidinuiini at tlic Alipore llorticuF 
tural Gardens, CaUmtta ; in fact it was its occurrence on 
this plant which enalded it to he idciuiiied on the potato. 

At the beginning of the year numerous spemmens of 
diseased popp)' plants were received from the officials of the 
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Opium Department in the United Provinces. The speci- 
mens were infected sometimes by Rhizoctonia and more 
rarely by Feronospom arborescens (Berk.) de Bary. I visit- 
ed Basti in March and concluded that the diseased condition 
of the poppy crop was due rather to the practice of keeping 
certain fields under poppy year after year than to any 
parasitic infection. The fungi found on tlie plants are a 
symptom rather than a cause of the condition of tlie crop. 
Investigation will be continued next season. 

(5) Cotton and Sesanium wilts. — An attempt was made 
to define tlie southern limits of extension of cotton wilt, 
which the previous year had been traced from the Central 
Provinces to ]3elgaum. It was found to be present very 
sporadically in J^ellary District, presumably as an exten- 
sion from the Uharwar side, but a careful search at 
Guntakal in Aiiantapur District and Nandyal in Kiirnool 
District failed to show any trace of the disease. As no 
reports of its occurrence elsewhere in Madras have been 
received, it may be assumed that only the extreme north- 
west of the Presidency has been reached. On the other 
side tyiiical cases liave been received from the Nadiad 
Farm near Ahmedabad though the disease appears to be 
little prevalent in Gujarat. Cotton wilt is, therefore, 
present in the western part of the Central Provinces, 
{iractically the whole of Bombay, exclusive of Sind, and the 
north-west corner of Madras. It is severe in parts of the 
Berars and threatening in parts of Khandesh, but else- 
where, at present, does little damage. The cause was 
definitely established during the year to be a species of 
t usanuni, successful inoculations witli pure cultures of 
the fungus having been secured. Through the kindness 
of the United States Det)artment of Agriculture an oppor- 
tunity was obtained of comparing the Indian cotton wilt 
fungus with Fusanuni casinfectuin .U:k., the organism 
which is the cause of cotton wilt in America. There are 
considerable differences between the two parasites and it is 
probable that the Indian fungus is a distinct species. It is 
also probable, though accurate information on this point is 
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not yet availablej that the Indian disease is decidedly less 
virulent than that in the United States. India is fortun- 
ate too in possessing a race of cotton, - buriU which is abso- 
lutely immune to the disease. Arrangements have been 
made, through Mr. Clouston, Deputy Director of Agricul- 
ture, Central Provinces (to whom the discovery of this pro- 
perty of buri ” cotton is due), to supply seed of this var- 
iety for trial in the United States in wiit infected tracts, 
and in return we are to receive American wilt-resisting 
varietiei? for trial in India. Thert‘ is no other known 
method of hgliting tAisarhnn wilts l)iit by the growth of 
immune or resistant varieties. 

Sesamum wilt has also been ])roved to Ix' due to a 
Fusarhtvi^ and cross inoculations hav(‘ confirmed what was 
already probable from morjiliological study, that the coltoii 
and sesamum diseases are distinct and are due to different 
species of Fusarlum. It is, in artifieda] inoculations, a 
much more virulent disease than the cotton wilt, proving 
fatal in every case tried — several liiiiidreds. Xo resistant 
variety is known, but the cold weather [rah}) crop is less 
subject to the disease than the mo]isr)on [klairif] varieties. 
Further work on these diseases will be resumed when 
opportunity arises. 

(6) Phjtofh tliora in rest la alio — The |)otato blight due 
to Ph. infestans (Mont.) do Dary, A\as iiuestigatcd by Mr. 
J. F. Dastur, First Assistant. It ^vas discovered that the 
fungus does not survive in the lieat of tlie plains of India 
and is not therefore likely to become a serious pest, except 
possibly ill the liills. A species oi Phijioi> hot kora has also 
been discovered attacking ViiUHi and Petiatia: it is a var* 
icty of the Ph. parasitica on (*astor which lias I icon the sub- 
ject of a recent memoir. Tlie slight variation in measure- 
ments and a few differences in the inoculation experiments 
may be accounted for by the influence of the liost plant. 

(7) Anthracnose . — This disease l as been investigated 
upon the betel vine, plantain, chilli cjud ]^apa}a. In the 
case of the betel vine tlic [)erfect stage of tlie species of 
Colletotrivhum has been discovered to be an Ascomveetes 
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and the Colletotrichuni and Gloeosforitm upon chilli have 
been proved to be one and tlie same fungus. The most 
important feature of the work on this crop is that the 
disease appears to be transmitted through the seeds. 
Various metliods of seed treatment will be tried during 
the current year' and experiments will also be conducted in 
the spraying of plantains against anthracnose. 

(8) Groundnut leaf disease. — The relation between the 
incidence of the tikka disease of groundnut and the amount 
of cultivation and export of that crop was the subject of an 
inquiry during the year under review. Between 1894 and 
1902 the export of groundnuts fell from 78,4S8 tons to 
2,890 and the trade became practically extinct. The fall in 
the exports was due not to any detcrioi’ation in the quality 
of the produce, but to a marked decrease in the yield per 
acre, which appeared to Ire the result of a fungal disease, 
known locally as tikka. Treatment with fungicides had 
no effect in stopping the disease and, in 1902, the Bombay 
Department of Agriculture commenced the introduction of 
exotic varieties. These varieties were also attacked by 
tikka, but some, which ripened early, did not have tlieir 
yield appreciably affected. Two varieties from Japan 
\vere especially useful in forming their nuts before the 
disease \vas sufficiently established on them to damage the 
produce. As a result of this, the exotic varieties, intro 
duced by the Bombay Deprartment of Agriculture, have 
now replaced the indigenous in all districts except tlie 
Poona district. Moreover by 1912 the tikka disease had 
decreased to such an extent that, in the whole Bombay 
Presidency, diseased specimens could only be obtained on 
the Manjri Farm. Coincident with the introduction of 
exotic varieties and the decrease in the amount of tikka 
disease the exports began to rise. In 1902 they were 2,890 
tons, in 1906 they were 6,527 tons, in 1909, 23,964 tons, and 
in 1912, 48,801 tons. This is probably one of the most 
marked cases on record where a crop disease has been 
checked and a trade rejuvenated by the introduction and 
acclimatisation of new varieties. 
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(9) Other plant dimises^-A trial was made of the Imt 
water treatment, which is so useful in the ease of oat smut, 
against smut of bajra; the treatment proved useless. The 
treatment of oat smut by ioi’maline steet)iijg was success- 
fully demonstrated on several estates in Bhiar. Investi 
gations into phaiieiogamic ]>arasites and in partKuilar the 
influence of chilli saltpetre on tokra of tobacco were 
resumed. 


IV —Systematic Work. 

Ihere were 505 additions to the hcrbanuin during the 
year under review. Of these new additions we are in- 
debted to the Bureau of Science, Manilla, and to mycologists 
in Berlin for 269 species. Named collections of Indian 
lungi were sent in exchange. Collections of fungi for 
naming were received from, and duplicates were issued, 
if required, to the Mycological Oflicers of Ihovincial De- 
partments of Agriculture and the Curator, Boyal Botanic 
Gardens, Calcutta. 

The systematic study of the large collections of 
Deuteromycetes {funyi ImijerJccti) in the lierbarium was 
taken up and material obtained for a fifth part of the Funyi 
Indim Onentalls ; the series is being pnldishecl in collabora- 
tion with H. A P. Sydow, Berlin.'^' At least one other part 
will be required to liiiish this large grou]). 

A short paper was published describing the complete 
stages of the rusts of sugarcane, figs and UldenandkL 


V. — Miscellaneous. 

The Imperial Mycologist attended tlu' Board of Agri- 
culture in December and tJie centenary tnlebralions of the 
Indian Museum in January. Assistance Avns given to the 
Imperial Bacteriologist in the idciitih('ation of a fungus 
isolated from bursati tumours and in an inquiry into the 
relationship of fungi {parasitic up»>n fodder to certain 
cattle diseases. In collaboration with the Imperial 
Agricultural Bacteriologist an examination was conducted 

* This work will perforce stop during the war. — F. J. K S. 
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on the fungi concerned in the fermentation of rice in the 
production of indigenous beer. The chief fungi present 
were Mucor Pralnii Necli., Mucor jamnicus Wehm., 
Cladosporiim Chodati (Ncch.) Sacc,, Rhizopous Camhodjn 
(Chrz.) ViiiJI. 

VI. — Programme of work for 1914-15. 

(1) Research and expevimsntal work. — The investiga- 
tion of some diseases of rice will be continued. The pre- 
sent stage of the investigations is given in Pusa Bulletin 
No. 34, 1913 “ Diseases of Eice ” and Memoir, Botanical 
Series VI, No. 2, 1913 A sclerotial disease of Rice.’’ 
The work will be continued particularly with a view to fill- 
ing up gaps in our knowledge of the life-history of the 
organism which causes “ ufra " disease, to the explanation 
of tlie apparent immunity of transplanted paddy to this 
disease, and to testing methods for its control. An obscure 
diseased condition of rice, known in parts of Bihar as 
“ chat r a,'' will be studied. Both these are major investi- 
gations. With regard to the other diseases of rice, none 
appear at present to be of great practical importance, and 
the investigations wall be confined chieily to the life history 
of the parasites concerned. 

The investigation of the fungus diseases of sugarcane 
will be continued. Two Memoirs [Botanical Series VI, 
Nos. 5 and G) containing the results of the work up to date, 
were published in 1913, and deal with the methods of infec- 
tion and control in red rot of sugar(*ane, and with the 
symptoms and cause of three undescribed cane diseases, 
two of which have been sometimes confused with red rot. 
Future work will, for the present, be considered as of minor 
importance and will include a more detailed study of one 
of these diseases, “ collar rot,’' and its connection, if any, 
with the sereh-like degeneration of cane known in several 
parts of India, and also the extent to which soil infection 
occurs in red rot. 

The study of the wilt disease of cotton and sesamiim 
will be continued on the lines described in Memoir y 
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Botanical Series TI, No. 9 “ Wilt disease of Pigeon pea.’' 
No results of suflicient interest to justify [iublieation have 
yet been gained in connection with these diseases, which 
are of sufficient iinportance to be considered as amongst the 
major diseases of crops in India. 

The work on potato blight recently conimeiiced may 
also require to be treated as a major investigation if the 
disease recurs in the (bin get ic Plain, where there was a 
severe outbreak last year. It is }] 0 ])Gd to study the growth 
of the parasite in artificial ciiltui’e and in ])ai’ticular to 
investigate its temperature I’elations as it is in this direc- 
tion that its control apj^ears to lie most hopeful. As minor 
investigations the study of some allied parasites will be 
undertaken. Two of these have lieen studied in detail and 
the results published as Memoirs, Bohnrical Series V, Nos. 

4 and 5, 1913, since the submission of the last ju'ogramme 
to the Board. 

The pojijiy blight has usually iiceri believed to be 

caused by an allied i'ungus to the last mentioned group, but 
evidence was obtained last year, when tlie disease was 
severe, wliieli suggests tliat this is not the (‘ase, but that the 
cause is a s])ecies ol ll/uzorto/iia. 1 he iii\estigation of 
this disease will be directed to ascertain the true cause and 
to test methods (.)f control. 1 ite study ol other diseases 
caused by Rhlzoctonia will lie continued as occasion arises, 
and as sufficient material has lieeii accumulated to undertake 
a more detailed study of this genus, it will be considered a 
major investigation. 

The study of certain green parasites of crops will be 
continued. Little is known of tliese parasites in India 
and it is of importance to investigate theii' bioiogy, 
particularly with reference to jiossibilities of checking the 
damage caused bv them. 1 bv‘ iiiMrstigaiion lias on y 
recently been comuienced and lias not vet given any definite 
results. 

Some preliminarv work on soil uingi has )een com 
menced an<l it is liopinl to devcloi. tins as time permits 
particularly with a view to elucidate the action of 
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fungi in assisting in the decomposition of organic niatter. 
The subject may prove of interest in connection with green 
manuring, but it is not possible, as yet, to indicate on what 
lines it will develop. 

A number of minor investigations of diseases of crops 
and fruit trees are in progress or projected. New work 
of this nature continually arises and it depends on the time 
available for their study and the relative importance of 
the disease as to whether they become major or minor items 
of the work of the section. 

(2) Training , — This will be continued on the lines 
indicated in the Prospectus. Short courses will also be 
given if any students of the Institute wish to attend. 

(3) The routine work of advising on plant diseases will 
be continued and assistance Avill be given as usual to Pro- 
vincial Departments of Agriculture, the Forest De])arh 
inent, Planters’ Associations and the general public. 

(4) It is hoped to make further progress with the |)ul)- 
lication of descriptive lists of Indian fungi in the series 
'' Fungi Indiae Orieiitalis/’ of which four parts have 
already been published in collaboration with Messrs. K. & 
P. Sydow of Berlin, and a fifth is in preparation. The 
extension of this series to include the groups not yet dealt 
with is the most important part of the systematic work of 
the section and is very necessary. Minor papers on systi'- 
matic mycology will also, probably, be published. 


Butler, E. J. . 


Butler, E. J. . 
Butler, E. J. . 


VII. — Publications. 

. Pfrji disease of Rice. Agri. Jovrn,^ 
Indio, VIII, July, 1913 (also Bengali 
translation). 

. Diseases of Ri(!e. Bull. Agri., Res. 
Inst., Paso, No. 34, 1913. 

. i ikka diM'ase and the introduction oi 
exoti(5 groundnuts in Bombay Presi- 
dency, Agri. Jo urn., India, IX, Janu- 
ary, 1914. 

. Nf)tes on some rusts in India. Ann<dei 
Mycologici, XII, 1914. 


Butler, E. J. . 
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Butler, Fi. T. . 

Butler, E. J,, & A 
Khan. 

Butler, E. J., & A, 
Klinn. 

Butler, E. -T., & 
Saeenrdo, V. A 
Sluiw, F. T. F. 


Sliaw, F. -1. F. 


Shiiw, F. T. F., 
MeBae, W. 

Slinw, F. -I. F., 

Sundannainun. 
Sh‘.)\v, F. d. E. 
Sundu ruraniun. 


. . Eeport on Afycology for 1912-18 for Board 

r>f Scion tlfio Advi(“e. 

. Tlafi/ Bod Hot of Sii garcune. l/om. Dept, of 
Af/n'., IiHlIfi, Bot. Ser. YI, Ko. 5, Octo- 
ber, 1918. 

Tlatiz Some new Sugan^one diseases. Me ok 
D ept, of Agri., lufJia^ Bot. Ser. VI, 
Ao. 0, ])e(Piii])er, 1918. 
b'ungi Indici. Aooales M gcologici y XTT, 
No. 8. 1914. 

, Selerotial disease of Bice. Mem. Dept, of 
Agi-i.y LodiOy Bot. Ser. VI, No, 2, Tnly, 
1918. 

. . The Maliali disea s(‘ of Ar<‘ea-nnts. Ijoff- 

let Ao. 7 of V-D.) of flip Depf . of Agri.., 
MoAms. 

A The Bud Bot of Unconuls in tlie Malal)ar 

District. Leaf Pi Ao. Vi i>f 1914 of the 
Dept, of Agri., Mo<hn.<. 

, ^ S. Bud Bot of Uoconuls in Malabar. Agri. 
Juufo,. hohiiy Api'il. 1914. 

, S. Bud Hot of ('o( (Units in iMulabur. 

Aoo(ih\< M gp(4og\ciy XTI, No, 8, 1914, 
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REPORT OF THE IMPERIAL ENTOMOLOGIST. 
(T. Bainrrigge Fletcher, R.N., F.L.S., F.E.S., F.Z.S.) 

I. — Charge and Establishment. 

Mr. H. Maxwell-Lefroy resigned his appointment as 
Imperial Entomologist from 1st December 1912 and I was 
nominated to succeed him and my services were transferred 
to the Government of India from that date but I was 
retained temporarily in Madras until relieved there, so that 
it was not until 1st December 1913 that I actually took ovei 
charge as Imperial Entomologist. Mr. A. J. Grove, Super- 
numerary Entomologist, who was in temporary charge of 
the section pending my return from Madras, rvas lent to 
the Punjab from 27th January 1914 to carry out work on 
grain pests and cotton boll worm, and remained in the 
Punjab until the close of the year under report. Mr. C. 8. 
Misra, First Assistant, was on duty throughout the year 
and has carried out his work in a uniformly satisfactory 
manner; he has given his attention especially to the examin- 
ation and record of the crop-pests of the cultivated areas ol 
the Pusa Estate, to the collection of information regarding 
fruit'pests, and to the study of cotton bollworms and their 
parasites, of Pyrilla and of Aleurodidm. Mr. C. C. (ihosh 
has been employed in the usual routine work of the (“earing 
of insects in the Insectary. Mr. G. R. Dutt, as in previous 
years, has looked after the economic records and th(^ 
Hymenoftera Collection. Mr. D. Nowroji has looked after 
the General Collection of Insects, especially the Colcoptern. 
The duties of these two assistants must naturally tend to 
increase considerably every year as the collections and 
records are augmented. Mr. M. N. De is borne especially 
for Sericultural duties and has been in charge of the silk 
work during the year and has carried out his duties with 
zeal and intelligence. 
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11. — Training. 

Two students were under training in Oneral Entomo- 
logy during the year; one came from Travaneoi'e and com- 
pleted his course on 3{}l]i Soj)temljer 1hi;j. the othei' fnmi 
Assam finished his training on 31st ()ctoj)er 11)13. No 
students are now under training; one man was to have been 
sent by the Punjab in June 1014. but it is understood that 
his course has now been postponed i'or a year. As all the 
provinces have now got a staff of trained assistants it is 
obvious that only occasional students are likely to be 
received at Pusa for training in Entomology, as tliere is no 
sign of any demand ihr a knowliMige of tliis subject for its 
own sake and except as a means for Government employ- 
ment. The lack of demand for training lias, however, this 
advantage, that the Pusa staff is iilile to devote more time to 
research work. 

III. -Tours. 

T was awniy from headquarters in Madras from 1st 
December 11)13 to 8lh Ja unary 1914. attending tlie meetiiig 
of the Board of Agi'ieulture and g^Jrig over collections and 
records at Coimbatore. On bth IMaicli I went to Nagpur 
to examine the Agricultural students in Entomology and 
returned on loth Mai’cli. On 2:2n(l Marcli I left Pnsa 
again for Madras to t'xanune tlie students there and to get 
in touch with tlie new ( iovei'ninent Entomologist. I also 
visited Ceylon to see the loeal nrrangemeiiLs regarding 
plant imports and Coorg to see the extent of spread and 
control of the green scale on coffee, and retuiiied through 
Bombay to see the entomological work there, arriving back 
at Pusa on 8th June. During this tour I also saw the 
Customs Officials at various ports which have been proposed 
as entry ports under the new Pest Act. and collected con- 
siderable information regr.i’ding plant imports into India. 
Mr. Grove toured in the Punjab from ^Ih August to 13th 
September, and visited Sabour in Ocodier and Siripur in 
November. Mr. Misra was sent on special duty to Kaiaiili 
State from 2nd November to 6th December to establish the 
Lac Industry there: he also toured in Madras, Bombay .aul 
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the Central Provinces from 25th January to 12th March 
with the especial object of obtaining information on pests 
of fruit-trees. Mr. Ghosh visited Darjiling and Naini 
la] in September to see the methods of bee-keeping prac- 
tised there. Mr. De visited Assam in February to obtain 
information regarding Eri and Muga silkworms. 

IV.— Provincial Work. 

The entomological work of the Provincial Departments 
of Agriculture is to a large extent supplementary of and 
interdependent on that done at Pusa. Except in Madras, 
none of the Provincial Entomological Assistants are placed 
under the control of a qualified expert able to check their 
work locally and under such circumstances a Central 
Enstitute can fulfil a very useful function in checking and 
( or relating their work besides acting as a centre for inform- 
ation regarding life-histories, records of occniTenee and 
means of control of insect pests. Some provinces Inue 
taken full advantage of this fact in the past and have 
worked in close touch with Pusa; others have not done so 
hitherto, but it is hoped that, as a result of efforts now being 
made, they may do so in future. 

In Madras the Deccan Grasshopper work was continued 
ill the Rellary District but Llic failure of the rains at the 
commencement of the monsoon caused the destruction hv 
drought of the early-sown (Tops in the area attacked so that 
the control-operations proved abortive on this account. The 
Entomological Laboratory fittings and the Tnsectary at 
Coimbatore were completed during the year and the collec- 
tion rearranged in the new boxes. A large amount of 
information on insect pests was amassed and much of this 
was utilised for a book on South Indian insects which was 
written and completed by myself before leaving Madras. 
My successor, Mr. E. Ballard, who had been Governineiit 
Entomologist in Nyasaland for the {)receding two years, 
joined his new appointment at Coimbatore in January B)14 
and has since been engaged in familiarizing himself with 
the insects of the Madras l^residcncy. 
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In Bombay there are now only two Entomological Assist- 
ants employed, one as Lecturer in the Agricultural College 
at Poona, the other in the Northern Division of the Presi- 
dency. The Third Assistant, who was stationed at Dhar- 
war in the Southern Division, has been transferred to the 
Agricultural Section and his post has not been filled. 
Special attention has been paid to the occurrence and con- 
trol of Schesnohius bi/puncMfer, which is a serious pest of 
rice. 


In the Central Provinces two Entomological Assist- 
ants are employed, one for teaching at the Agricultural 
College at Nagpur, the other for fieldwork and demon- 
stration. The latter made numerous notes on insect jicsts 
and exhibited show-cases and lectured and demonstrated 
control -methods at numerous Agiaeviltural shows to audi- 
ences aggregating alxmt nine thousand cultivators. Large 
numbers of Canthecona furcellata. a Pentatomid Bug 
predaceous on caterpillars, were bred and liberated in cotton 
and gram fields to check attacks on these crops by 
caterpillars. 

In the United Ih’ovinees, demonstration was made in the 
Farrukhabad District of methods of storing seed potatoes 
to avoid attack of the Potato Moth [Plithoriiiicm oper- 
cidella) which is now widely distributed in these provinces, 
though as yet it has apparently not reached the Hill 
Di.stricts. 


In the I’unjab the work done has mainly been on pests 
of cotton and stored "ram. Liviii" specimens of Rhom^:. 
a Braconid parasite of tlie cotton bollwovin {Earm$), have 
been supplied from time to time from Pusa. 


In the North-West Frontier Province one Entomological 
.\ssistant works under the Agricultural Officei. Ihe 
sugarcane crop is reported as badly in tested u itli borers t ns 
year, over .-lO.OOO egg-clusters having leeu jiicked trom one 
experimental plot of six acres. (uU’chm Ik 

stated to have done considerable damage to 


last year'; 
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cotton crop, but it is observable that late-ripening varieties 
were attacked most severely, local cotton [Gossyfium neglec- 
turn), which ripens and is picked before the middle of 
October, practically escaping attack. Living specimens of 
Rhogas were supplied from Piisa and set free in the cotton- 
fields of the Agricultural Station at Tarnab, but it is doubt- 
ful whether they have established themselves. A Jassid 
bug, attacking grape-vines in the vineyards situated in the 
lower parts of the Peshawar Valley, has also been under 
investigation. 

In Bihar the entomological work has always been done 
in close touch with Piisa and this has been the result of 
policy rather than of the contiguity of the two localities. 
An account of the more important pests was prepared some 
three years ago and was issued at the close of the year under 
review as a Crop pest Handbook. The most important 
work undertaken has been the control of A groGs ypsilon on 
the Mokameh Tal and the storage of potatoes. At Mokameh 
a regular campaign was undertaken and during the season 
39.000 caterpillars were picked and destroyed on the high 
lands, whilst 34 traps destroyed 893,320 moths of wLich 
about 41 per cent, were females. On account of abnormal 
flood conditions and other factors, the attack was uniisuallv 
serious, some 5.000 bighas of rahi pulse crops being des- 
troyed. A similar campaign was undertaken agninst the 
same insect for the first time at Colgong and Ghogha, where 
21 traps destroyed 43,874 moths whilst 337,600 caterpillars 
were handpicked from the high lands which were first 
attacked; the attack, which normally extends over an nrea 
of 8,000 bighas, was reduced to a nominal damage over about 
20 bighas as a result of the above-mentioned efforts. The 
storage of seed fiotatoes has of late years presented great 
difficulties in Bihar, as in other provinces, as a result of the 
introduction into India of the Potato Moth {Phthorimem 
oferculella). Storage under dry sand has ]')roved fairly 
effective in the districts South of the Ganges and Goveni- 
merit godowns were started at Bihar, Bhagalpnr, Colgong 
and Sabour in order to demonstrate tlie f)racticahilitv aad 
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advantages of this method. Storage was done satisfactorily 
in all these places and the method of storage is becoming 
popular amongst the cultivators and others interested. 
That this method is actually being adopted is shown by the 
fact that at Patna and Bihar in 1913 no less than 1,520 
persons fetored 122,2^5 maunds of potatoes under sand, as 
compared with 16,613 inannds stored by 399 persons in 
1912, and 8,000 maunds by 200 men in 1911. Another 
pest of stored potatoes in Tirhut is a Tiiigidid bug 
{Recdredus sp.) and experiments are being made to find a 
successful method of control as sand-storage is found to 
induce rotting of the jiotatoes in the damp climate of 
Tirhut. 

In Bengal the I hi to mo logical staff only includes one 
Collector who is employed under the (Government Botanist. 
He was chiefly occupimJ in dealing with pests of rice and 
also attended the Agmcultural shows at Barasat, Khulna, 
Suri, Brahmanburia and Kama rebar where he explained 
insect pests and tlieii’ lifo-liistories and demonstrated the 
use of control methods. 

The Kiitoinological Assistant ni Assam only uent to bis 
province in Xoveinbcr 1913 alter completion ol his tiaining 
at Ihtsa. 

In Burma there is one Ihitnmological Assistant, who 
was chieilv em])loyed on the colloetion of inrormation 
rctrarding insect pests of rice. 

V, —Work at I’usa. 

Investigation into the life-histones eo' nijunons and 
other insects was continiied, the follov nig inseets being 
those of whicli at least complete li fe-eyelcs were obtained : - 

Pyi illa nherrans. 

Alcuvolh's bey'p/ Jind A. citii 

.1 trdcioniot'jdui creunhito. 

Euhl('Oi ltd I (lin'd ceil. 

Odoi'poi’ds IniKjK'oJhs. 

Virachohi o 
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An unidentified Dermestid beetle on Stored Wheat. 

Harf actor costalis. 

Canthecona furcellata. 

Syntomis cyssea. 

Taragama siva. 

Polyocha sacckareMa. 

Dolycoris indicus. 

A Psocid on Loranthus. 

Figures of the various stages of most of these insects 
have been drawn and will be utilized for Memoirs on the 
insects concerned. 

The subject of natural enemies (parasites and predators) 
of crop-pests is of great importance in India and a start is 
being made to collect information on the subject. Special 
attention has been paid to the parasites and hyperparasites 
of cotton bollworms {Earias spp.), of Achcea fnelicerta and 
of Pieris hrassicce. Parcels of Earias larvae parasitized by 
Rhogas lefroyi were sent to the North-West Frontier 
Province and the Punjab to endeavour to assist control of 
this pest. There is no doubt that in the near future such 
control- methods will be found to be applicable in many 
cases, especially in the case of introduced pests, and we are 
already receiving numerous inquiries from abroad (notably 
America and Italy) regarding parasites of destructive crop- 
pests, and an attempt is being made to procure a parasitized 
colony of Aleurodes citri for export to Florida where this 
insect has done vast damage to the orange industry. In 
this connection it is of interest to note that an apparently 
identical parasite has also been reared from Aleurodes 
ricini, which occurs commonly on Castor in India, and 
specimens of the two parasites have been sent to Washing- 
ton for exact determination, as their identity, if established, 
will be of practical importance. 

Attempts have been made to trace A grat is ypsilon 
through the hot weather and rains, as it is not known in 
what stage the insect passes this period on the Mokameh 
Tab if it is actually present then at all, Incidentally, hi 
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collecting the larvse, it was found that they are i)reye(l 
upon extensively by a Carabid beetle {Hroscus jninctaiuf<). 

The study of insects affecting stored grain was con- 
tinued by the Supernumerary Entomologist, and the life 
histories of AithriostOTfiu undulutix, TrUjolium custuneuni 
{ferrugineim), and RhizopeUha dominka have also been 
worked out by Mr. Nowroji. 

Special attention has also been paid lo the insect pests 
of paddy and sugarcane, and large numbers of insects have 
been bred out and their study will be taken np when suffi- 
ciently long series are secured both from Pusa and the pro- 
vinces. It may be noted here that paddy stubble, collected 
in the helds at Pusa in hebruary, showed that about forty 
per cent, of the stalks cHintained borers. 

Work on Termites has been continued and determin- 
ations of upwards of four hundred lots of these insects wei‘e 
received from Professoi* Nils Holmgren, of Stockliolm; the 
identification of this material not only inci’cases by some 
twenty species the list of known Indian forms, but will 
prove of great assistance in the discrimination of the 
various kinds found to do damage and in the widti ng up of 
a large accumulation of iiotCvS on their bionomies and occur- 
rence. Wood treated by various processes was examined 
in ITdiruary H)14 and some of the pieces of Ikiwellized 
wood were found to be attacked by Microtermes obe><i 
{anaudi). This process is therefore not so infallible as has 
been claimed. Examination of some of the other series 
indicated that exemption from attac'k depends on the 
variety of the wood itself as well as on the method ot treat- 
ment and in addition to the pi’eferentiaJ tastes shown by 
the various species of termites locally prevalent: this point 
scarcely seems to have received jnxipcr t'onsideration 
hitherto and it is proposed to initiate further series ot 
experiments. 

The green scale, Coccil^ riridi^ {i.tcoHiim r/rride), which 
has proved such a serious pest of coffee iii Ceylon and 
.Southern India, lirst invaded Coorg in 1913 and bids lair 
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to become a serious pest there also. In May 1914 I visited 
Coorg, saw the affected areas and advised the planters on 
the subject. The scale was found to be parasitized to a 
very slight extent by a minute Chalcidid, apparently a 
species of Coccofhagus, which has been sent to Washington 
for exact determination. 

A consignment of Mlcrosporidium polyhedricum, in 
dead si Ik worms was received from the Government Entonio- 
logist, Egypt. This organism is said to be effective in the 
control of Prodenla litura in Egypt, but experiments at 
Pusa, conducted with the help of the Imperial Agricultural 
Bacteriologist, gave negative results with silkworms and 
larvae of Prodenia litura. 

An event of the year which deserves mention in this 
report is the passing of the Insect Pests Bill (Act II of 
1914) for controlling the importation into British India 
of living plants which might otherwise bring in noxious 
insects in the future as they have done in the past. .\ 
Notification has been issued regarding certain specilknl 
crops, but this is aimed rather at tlie impoi'tation of fungal 
diseases, and a second Notification will doubtless be issued 
regarding all plants wiiich are likely to bring in insect 
pests. 

Under tlie Wild Birds and Animals’ Protection Act, 
1912 (Act All I of 1912), a Notification regarding the pro- 
tection of certain useful species of Wild Birds has been 
issued by the Governments of Bihar and Orissa and 
Madras, but I am not aware that any other Local Govern- 
ment has as yet issued a Notification under the Act. 

Silk. — Six students completed a short course in Eri and 
Mulberry silkworm rearing. Besides these, Mr. Ayoob 
Ahmad of Mirpur, Azamgarh, Balm Shashi Bhusan of 
Shahabad and the Superintendent of Industries in 
Banganapalle State were given practical instruction in 
Sericulture and Silk-dyeing. Amongst the visitors were 
also the Consul for Italy and Rai Bahadur B. C. Basu, who 
had been deputed specially to inquire into Sericulture in 
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AsSfiiii, both ot whom wished to acquire s|)t‘c'ial infonuatioii 
regarding silk-w^ork. 

A iriiiltivoltine moiigrcl iTice of mulberry silkworms was 
established aitei many ti’ials, and this at lirst yielded silk 
superior in quality ajid quantity to those of tm lienmil 
multivoltine races, but this strain unfortunately began to 
deteriorate after the fourteenth generation and m the six- 
teenth generation there was practically no diflerent‘e 
between the mongrel race and the ordinary Bengal miilti- 
voltiiie races. Experiments are being continned to try and 
obtain a stable race. Ihe nnivoltine mullieriy silk^vorm 
eggs which were sent for ('old storage to Ramgarh tXainital) 
Miiktesar and Calcutta, gaAc satisfactuiy results. Mul- 
berry silkw^orm eggs ^^el■e supplied to 157 rearers and cri 
eggs to 145 rearers, and mulberry seeds and cuttings to 14 
applicants. Eorty pounds- weight of eri cf)COons were 
supplied to Messrs. Killick, Xixoii Co., of Bombay, for 
testing in the spinning mills in England. There is still 
difficulty in disposing of the .small lots of eri cocoons which 
are ohered for sale by small rearers. 8ilk exhibits were 
sent to Exhibitions held at l\Iuzaharpur and Monghyr, 
materials for cxhiliits w'cre supplied to Mr. Audinaraiir 
swami, of Madras, who wais aw arded a gold medal for his 
exhibit, and materials for ten sets of silk exhibits were 
supplied to the l)t‘])iity Director of Agriculture, Bengal. 
Iiisti’uction w^as also given by correspondence in silk-dycing, 
bleaching, silkw’orm rearing, spinning, reeling, and wmav- 
ing. A Bulletin (Ui Islulliei'vy Silkworms and Silk wais 
published during the year and :i Bengali traushuion ot 
this is now in the pi'oss, whilst another Bulletin on “ How^ 
to improve Silk-reeling in Bengal has btHui written and 
submitted for ])ublicatioii. A paper on Eri Silk wm^ read 
at the All-India Industrial Conferenct held at Karachi in 
December 1913 and articles on Tasar and Mulberry Silk- 
worm rearing w'cre emu ribu ted to the vernacular maga 
zines “ Grihastlia " ((ddcutta) and " Krislii Sampada 
IDacca). Approximately Rs, 400 were credited to the 
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Treasury during the year, being sale proceeds of silk made 
at Piisa. 

In Madras a fieldman has been employed on special duty 
on Sericulture in the Kollegal District; he has given prac- 
tical instruction to the mulberry- si Ik worm rearers and a 
short vernacular leaflet with practical instructions for 
rearing has been prepared. In Bihar, the rearing of eri 
silkworms at Sabour was more successful during the year 
under report than in the previous season ; eggs ^vere distri- 
buted to a large number of zamindars and cultivators in the 
Bhagalpur District, but the usual difficulty was found 
regarding the disposal of cocoons by the rearers on a small 
scale. In the Central Provinces some univoltine seed, 
received from Italy in October 1913, began to hatch in 
December and the woi'ms, which were reared from Jamiarv 
to April, throve well and the resultant eggs have been ke|)t 
in cold storage for the next season. In the I nited Iho- 
vinces Mr. Akhtar Mohammad Khan has been on special 
duty at Shahjehanpur in connection with the eri silk work 
and in Assam Rai Bahadur B. C. Basu has been placed on 
Special Sericultiiral duty. 

ijic. During the two Lac seasons (October and June) 
at Pusa. upwards of 200 Ber trees were inoculated and the 
crop scraped, washed and sold. There wein no students 
for either course and this is doubtless due to the fact that 
practical instructions have been given in the Bulletin on 
“The Cultivation of Lac in the Plains of India," of which 
the first edition of 1,500 co])ies was soon exhausted and a 
second revised edition was prepared and issued during the 
year; a Hindi edition is now in the press and an I rdii 
edition is in preparation. Brood-lac was su[)pliecl to twel\e 
applicants and answers were sent by c(un’espondeTU‘e to 
numerous inquirers in various parts of India. The Super- 
intendent of Industries in Banganapalle State spent a week 
at Pnsa picking up details of the Lac work and was subse- 
quently supplied with seed to commence work on an expen- 
mentai scale. The services of Mr. C. S. Misra were also 
requisitioned by the Karaiili State to start and supervise 
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Lac-culture in that State; he obtained Kummh brood-lac 
from Rewah, selected the localities in Karauli where work 
was to be commenced and started inoculation of the trees 
selected^ After doing this Mr. Misra visited Sind to 
obtain Babul brood-lac and to study the methods of pro- 
pagation practised in that district. Collection of Lac 
specimens by the Forest Oflicers continued throughout the 
year, the series being, however, now completed for some 
districts; 42 parcels were sent out and 2!) parcels were 
received. 

In the provinces little lac-work seems to be done. In 
the Cyentral Provinces the inoculation done in June 1U12 
proved unsuccessful and this was therefore repeated in 
October 1913, but the insects did not thrive well. 

Bees.- ki Pusa the last of the imported Italian queens 
died in July 191 f3. At that time there were two colonies 
headed queens reared at Pusa and in August a third 
queen was reared and fertilized, but in the course of the 
year all the three queens failed and the bees died out. The 
proper fertilization ot the queens seems to be at present the 
main difficulty in establishing these bees in the Plains; the 
workers see^u to do well and it is comparatively easv to 
rear new queens as required, but these are usually snapped 
up by insectivorous birds during their marriage-llight or, 
if they sui’vive this, fertilization does not seem to have been 
sufficiently thorough, as after a few months they commence 
to produce drone brood only. Experiments have been con 
tinned with the Indian ]3ee (J hidica) and a mill for 
preparing found at ion -wax for this bee has been prociiicd, 
as have also queeii-exduders of sjiecial size, so that these 
bees can now Ix^ ke])t in bar- frame hi\^?‘s under modern 
conditions. A bulletin on Hee-kee]ung has been prepared 
and submitted for publication. As Apiculture in the 
Plains is still in an experimental siege no regular course of 
instruction in Bee-keeping can be given, but Entomological 
Students Jind interested ^Jsitors liavc been given such 
information as they required. 
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VL — Miscellaneous. 

The coi’respondence work of the Entomological Section 
continues to be very heavy and the numerous inquiries 
regarding insect pests^ received from all over India, are 
dealt with as fully as possible. During the year 1,690 
letters were issued and 1,385 received, but these numbers do 
not include a large mass of correspondence and papers dealt 
with demi-officially. 


VIE - Insect Survey. 

The collections continue in good order and numerous 
additions have been made by specimens collected during 
tours and those sent in by correspondents. Neuroptera 
were received back named from Mr. IS. Ihinks, Ichneu- 
monidse from Mr. Morley, and Orthoptera named by the 
late W. E. Kirby. The Chalcididm have been sent to Dr. 
L. 0. Howard, of Washington, who has kindly consented' 
to have them determined, and the Rntclidm to Mr. G. Arrow 
for his " Fauna ' volume on this group. The whole of the 
collections will be placed in one senes, in order that the 
whole of the information available concerning any one 
species may be available in one place, and this work has been 
commenced. 


VIII, — Programme of work for 1914-15. 

This will follow generally in the lines of work of tlie 
current year as outlined in the present report, and will 
include general investigations of crop-pests, and especially 
of the pests of rice, sugarcane and cotton, of fruit-trees 
and of stored grain. A commencement has been made of 
collection of information for a general book on the crop- 
pests of India and progress in this will be continued, as 
also in the publication of information regarding life- 
histories of pests and coloured plates, of which a large 
number are now ready for printing. Work and experi- 
ments in silk, lac and bee-keeping will be continued, and 
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new insecticides and insecticidal methods tested as occa- 
sion arises. Advice and assistance will be given as far as 
possible to Provincial Departments and to all inquirers on 
entomological subjects. 

IX. — Publications. 

The following publications have been actually published 
during the year under review : — 

E a toniological Mem oiri^ . 

Vol. V, No. 1. Life-hi stories ot UutlerHies, by C. C. Glio.sl). 

Bylletins. 

No. 28. The Cultivaliou of Lac (Soeoiid, i*L'\'j.se(l edit ion), l)v 
C. S. Misra. 

No. 29. Eri Silk (Second edition). 

No. 39. Instructions foJ- rearin^^ 31ul berry Silkwornis, by 
M. N. Pc. 

A f/ricidfural Journal of Jndia. 

Ociober 1913. lied spider on Jute^ by C. S. Misra. 

Junuarv 1914. Some Experiments with Maize stored in Bins, 
by A. I. Grove. 
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EEPORT OF THE IMPERIAL PATHOLOGICAL 
ENTOMOLOGIST. 

(F. M. Howlett, B.A., F.E.S.) 

I, — Administration. 

I was in charge of the section for the whole of the period 
dealt with in this report. Mr. P. G. Patel was absent on 
privilege leave for one month and six days from April 14th, 
Mr. IL N. Sharma for two months and eight days from 
October 16th, and Mr. J. L. Mitter for two months from 
October 16 th. 


IL — Educational. 

Messrs. C. S. Swaminath and J. L. Mitter appointed to 
Pusa by the Medical Rescarcb Association, finished tlieir 
period of training here and have been taken over by the 
Medical Research authorities. Mr. Mitter has joined 
Major Mackie in Assam to assist in the Kala-azar investiga- 
tion now in [)rogress, while Mr. Swaminath is working with 
Colonel Adie in Kasauli at the transmission of Halter idium, 
l)y flies ol the genus Lyiichia. 

III. — Research. 

My [)ers()nai attention has been largely devoted to an 
attempt to work out methods of insect-control by examining 
and taking advantage of the reactions of insects to parti- 
cular stimuli which seem to influence to a very large extent 
their more important actL ities. The lines on which one 
branch of this work is proceeding are indicated in an article 
on “The effect of oil of Citronella on two species of Dacin:^ " 
{Trans. Ent. Soc., London, 1912, p. 417), and the results so 
far obtained encourage the hope that considerable improve- 
ments in our present methods may result from enquiry on 
these and similar lines, though these possibilities have 
hitherto been very largely neglected by entomologists. 
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Mt. S. k. Sen has been assisting me in the above enquiry 
and has also worked at the bionomics of mosquitos and 
particularly of inosquito-larvai. The calomel method (see 
Annual Report, 1912-13) has given good resuUs when tmed 
on a small scale in the field, and merits attention Mr Sen 
made a very careful investigation of the respiration of inos- 
qiutos in all stages, and has contributed an article on the 
subject to the hidian Journal of Medical Research, 
lublication of various articles by Mr. Patel and mvself in 
the same journal has been suspended until a definite settle- 
ment of the question of " medical " work at Pusa. Mr. 
H. N. Sharma has also worked largely at mosquitos, and has 
attempted to get at the connexion between the existence of 
small wounds and abnormal feeding reactions. Mosquitos 
have been got to feed on red ink. salt solution, and other 
beverages, but no satisfactory explanation has been arrived 
at of a very curious fact. 


In connexion witli Major Holmes Surra investigation, 
Mr. Grove, and subsequently Mr. Mitter, visited Kath 
godam with the object of assisting the entomological side of 
the enquiry. This appears to be more complex than was 
originally supposed, and may necessitate the services of 
Mr. Patel or myself. 


IV. — Veterinary. 

In addition to the Surra investigation at Kathgodani 
and Muktesar, work on the bionomics of flies likely to be 
Surra carriers has continued. Mr. P. G. Patel made an 
extended tour in the Punjab with Colonel Xewsom. and was 
able to give valuable assistance in the work on insect para- 
sites. Mr. Ihxtel has been also w'orking with me on the 
habits and life-history of lice. 

In the course of a tour in Madras I wxas able to dispel a 
long-standing supposition that Indian hides are seriously 
damaged by Warble-flies. These Ihes seem to be in fact 
rare in the plains, and an examination of damaged skins, 
chiefly sheep and goats, show*ed that the damage known in 
the trade as wxarbles ^ is really due to the punctures conse- 
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quent on tick-bites. The rather similar damage called 
‘‘ pori-pori '' may be due to the same cause, or possibly to 
lice, but it was not possible to settle this point definitely. 

As Miss Ormerod states that over 40 per cent, of Indian 
hides are damaged by “ warbles/’ it is as well to know that 
the injury is due to another cause. 

Work is in progress on the egg-laying reactions of blood- 
sucking Muscidce. 


V.— Fruit-flies. 

Mr. A. Mujtaba has visited Peshawar, the Central Pro- 
vinces, and Bombay in the course of his work on this group, 
while Mr. Sen also visited Madras. The life-histories of 
two new species have been worked out, and a series of life- 
history memoirs of all the common species is now in course 
of preparation. The relations between the species and 
varieties, or local races, are evidently complex, and a com- 
plete knowledge and understanding of their bionomics can 
only come after a great deal of careful study. The spray 
method of control has proved successful and can be confi- 
dently recommended. 


VI. — Miscellaneous. 

In Mr. Grove’s term of office as officiating Imperial 
Entomologist, I gave some Assistance with the work on silk 
and silk weaving with which I was familiar, and in accord- 
ance with the recommendations and enquiries of silk mer- 
chants in Bombay and elsewhere made some modifications 
in our weaving practice in the direction of obtaining a more 
porous and absorbent cloth of a kind suitable for shirtings 
and the like. In this Mr. De has been successful. 

I corresponded with the Chief of the Board of Health, 
Isthmian Canal Commission, with reference to Yellow 
Fever and Stegoviyia. T forwarded to him two consign- 
ments of eggs of our common Indian Stpoomyia scutellfiris 
to be hatched out on arrival, in order to ascertain whether 
or not this species can convey Yellow Fever, a point possibly 
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of considerable importance to India. I have not yet heard 
the results of the trial 

Identifications of insects lor medical officers and others 
has continued as usual, but presumably this work will be 
transferred at an early date to the official entomologist of 
the Medical Research Association. 

VIL — Programme of work for 19Md5. 

Research as indicated in para. 1, section III, above. It 
is hoped to complete a work on Indian Plies and blood- 
suckers based upon the sections written in ' Indian Insect 
Life ” on Diptera and other parasites of man and animals, 
but of a more detailed and somewhat less popular nature, 
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dantly evident that the information so far obtained forms 
but a small fraction of what may be derived from further 
study of the subject it is also necessary to state that owing 
to untoward circumstances the quantitative value of the 
field experiments of the first two seasons was greatly dimi- 
nished, which makes it necessary to repeat the more import- 
ant ones. The difficulty of obtaining an area of even soil 
for experimental plots was w^ell illustrated in the first year, 
when it was found necessary to di scar'd the whole of one 
series on account of obvious initial differences between tlie 
soils of various plots; in the second year a carefully selected 
area taken in the middle of a large field proved its unsuit- 
ability for anything more than comparisons between adja- 
cent plots owing to waterlogging of portions consequent on 
heavy rain and inadequate drainage. During the cm' rent 
year (1914) a fresh site has been selected which is free from 
such inequalities, but again difficulty has been experienced 
owing to irregular rainfall in Juno at the time of sowing 
and the attacks of caterpillars upon the backward plant: 
the latter has. however, survived, and although the six weeks 
old crop weighs less than two-thirds of that of the same ace 
in previous vears it is hoped that reliable comparative 
results will be obtained. In addition to these field experi- 
ments on the farm an area of one acre has been fenced in. 
cultivated, and sown with on the south side of the 

new outside laboratory, and it is hoped that experimental 
plots on this area laid out in triplicate divisions i f 
acre each will help to provide controls for the field experi- 
ments carried out on a larger scale on the farm. Tn mv 
previous Annual Report it was mentioned that the green 
manuring experiments for 1913-14 would include a trial of 
the use of the method of fermenting the green crop before 
applying it to the land, and at the same time concentrating 
the mannrial action bv restricting the treated area although 
using the whole of the fermented material. The result 
when such concentration was carried out. the fermented 
^n7ini being returned to ahoiit hralf the area on which it had 
been grown, in the case of the following rahi crop of wheat 
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was very apparent as a marked increase in crop, but owing 
to the waterlogging of p;vrt of tlie ai'ea and the consequent 
intciderence with the regularitv of the series, definite 
quantitative conclusions could not he drawn as to the rela- 
tive value of this method. 

Small ])lots in the (‘ompound of the outside laboratorv 
of about ^\ih acre area Avere used for qua1itati\e experi- 
ments in green manuring, tlie rahJ cror) being oats; varia- 
tions in the method of preparing tlie feruumled manure 
were tested and showed decoded difi'erences AA'liich air' de- 
scribed in the re|)ort on the subjec-t for lhltM4 now in liaiid. 
It Avas also found that for tliis eroj) on light soil no a]urar- 
ent advantage was obtained hv concentration of the niannre, 
impiwement of the (OYip being ])robal)1y dne to the compara- 
tively high availability of the nitrogen content of the 
fermented materia], Finllier experiments dealing witli 
the ajiplication of the method to otlier crops such as toliac'co 
are in progress during the current season. 

Tn connection with this wni’k a considerable amount of 
research has been carried out in the laboratory in continna- 
tion of that of last year which dealt mainly wdth the 
ammoriification and nitrificulion of the burien g’reen crop: 
further oliservations on these two ])oints have heen made 
and in addition some fourteen species of liacteria apjrir- 
ently closelv c'onnecb'd with the decomposition of buried 
Sann hemp have been isolated, and their physiological and 
morphological characters studied. It is remarkable that 
no one species of bacterium ea]rible of attac^rdiig cellulose 
has been found so far in the general soil comp-lex although 
the symbiotic relationship of two or more 1ms been shown 
to produce this result; the opinion expressed in the bulle- 
tin on green manuring published in lhl4 that soil 
probably played an important part in the bioaking^ oaau 
of celluiar'tissuo is strengthened bv fu.iher obsmwatioir. it 
is hoped that work on soil tungi by the Mu‘ological Seitiou 
of this institute may furnish valuable iniorma don on tiu^ 
point. 0 
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Part of the study of the decomposition of green manure 
in the soil involved investigation as to the relative rates of 
formation of humus and nitrate; this enquiry has not yet 
arrived at the conclusive stage suitable for report. 

A considerable amount of work was done in connection 
with the changes taking place in fermenting green manure; 
the manurial value of this material ap|:iears to be due to the 
rapid formation of simple nitrogen compounds such as 
ammonia,, from the proteid content; the nitrification of this 
ammonia, however, is interfered with by the fact of its 
concentration and also by the presence of soluble organic 
substances some of which at least are strongly toxic to nitri- 
fying bacteria and in less measure to others: this condition 
persists so long as the water extract remains arid to litmus 
which under ordinary conditions of manufacture might 
extend to as much as six weeks, and renders it necessary to 
study the conditions under which such manure can safely 
be applied to arable or other soil. The mode of preparation 
may also be varied considerably with corresponding difier- 
ences in manurial action: such differences are apparently 
correlated with the rate at which the nitrogen content 
becomes available and are of importance in field practice 
with reference to the time of application, the nature of the 
soil, and the nitrogen requirements of the (u-np intended to 
benefit by the use of this form of manure. 

It is interesting to note that the rapid ammonifieatlon 
which takes place when green manure is placed in water 
and allowed to ferment was found to be accompanied b\' 
the development of large numbers of ciliates. flagellates and 
amceboe, w^hose presence does not appear in this instaiKT to 
be prejudicial to the activity of ammonifying bacteria ; it 
may be conjectured that under such conditions as obtain in 
this case the abundance of organic food would produce a. 
rate of reproduction amongst the bacteria which would 
more than counterbalance any phagocytic action on the ]:)art 
of the protozoa. 

The conditions under which nitrification takes place 
in soil have naturally formed an important part of the work 
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ol' this section during tliis us in previous 3Tars; it was 
round in connection with nuineruus experiments made to 
determine the optimum inoisture content for nitrification 
in various soils, that not only is the amount of water all- 
important, but that the greatest amount of nitrification 
obtainable depends upon treatment which takes into account 
the fact that ammoiiification is the necessary antecedent, to 
nitrification in the case of organic matter, that this process 
is furthered by a high percentage of moisture, that high 
concentrations of ammonia inhibit nitiification, but that 
such ammonia is absorbed by the soil and can then be nitri- 
fied. Experiment showed that the most rapid and coiiipiete 
iiitrificiatioii of any given quantity of nitrogenous organic 
matter could be eifected in soil by producing aiimrobic 
conditions with water saturation and subseepieuLiy drain- 
ing and aerating; tlie rapidity with which nitriiication 
takes place under these conditions depends upon the rela- 
tive completeness of tlie amerobic and subsequently ol the 
mrobic conditions. This was the case in all the soils experi - 


niented with but may not of course be of uni\evsai apphta 
tion. it was found tliat much more rapid ainiuanilication 
took pia.ee in the case of organic matter kept under amerobic 
conditions ui soil than when free aeration was allowed, 
wTiethcr sucli aiimrobic conditions were produced by water 
saturation, or reiilaceniciit ol air by nitrogen or caibon 
dioxide or sinqily by tightly closing the vessel coutaiiuiig 
the soil. At the same time toxins were produced which not 
only iiiliibited nitriiication before the ammonia concentra- 
tion was sulficieiit to do so, Dut aliorded water extracts 


which were toxic to seedlings and to bacteria; subsequent 
aeration removes this toxic condition and the formation of 
nitrates ttikes place, the ultimaie result being a high pei- 
centage of nitriiication of the nitrogen of the organic 
matter; this apparently lepresents the cycle o! changes in 
the case of the fermentation of gremi manure de^cii m 
above; its applic'iition to field practice .s now being stuciea 
In connection with the nitrification ol green 
was found that a loss of nitrate iuvariab ) occuiie 
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the 8th and 12th weeks of the process in the laboratory; a 
considerable ainoiint of work has been done with the object 
of discovering whether this loss could be accounted for by 
correlating it with the gradual evaporation of soil water ; 
the enquiry is not yet sufficiently complete for conclusive 
report, but it seems certain that the change noted is due to 
variation in the water content of the soil rather than to 
seasonal variation in the functions of the soil flora. 

Experiments were made to deterniine the effect upon 
nitrification of varying the quantity of nitrogen as organic 
matter added to the soil; it was considered probable that 
any excess above the optimum would retard or even inhibit 
nitrification, but that the optimum might vary considerably 
with diflerent soils, and also in the same soil under different 
conditions. An unexpectedly high optimum was found for 
mustard cake in Pusa soil, namely, one per cent, of the soil 
weight, but it was shown that the high lime content of this 
soil was mainly responsible for this high figure, and that 
in soils such as the average tea soils of Assam, with less 
than one per cent, of lime, a much smaller quantity of (ake 
would fail to nitrify at the normal rate. A study was iiiade 
of the progress of decomposition of cake in soils varying in 
lime content, by periodic estimations of the loss on ignition, 
huimis, ammonia and nitrates; it was found that decom- 
position was rapid in proportion to high lime content, 
although in time the soil lower in lime attained the same 
nitrate concentration. 

Isolation of nitrifying organisms from Indian soils was 
continued Avitli special reference to a nitrite forming 
organism hitlierto undescribed, the isolation of which by 
Mr. Joshi, 1st Assistant, is still in hand. 

Azotobacter— A number of soils was examined for 
Azotohacter, which was found in those from Naupada, 
Vizianagram, Waltair, Tuni, Samalkota, Ifllore, Walajah 
Road, liowringpet, Jalarpet, Bangalore, Darjeeling and 
Cawnpore. 

A series of determinations of amounts of nitrogen fixed 
in liquid culture media inoculated with Iffisa soil week by 
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week and which is still in progress, shows small uTegular 
variations^ i he amounts are of the same order as ”thi 

Cobrado ^ ^ ^ Kothamsted and by ;Sackett ui 

Pure CvZture,.-^ amount of mirogen iixed by pure 
cultures ot Azotohacter isolated from Pusa soil was 
increased by the additions of basic slag or humus to the 
ordinary medium but was dimuiislied bv the substitution 
of magnesium carbonate for ealeiufn' carl.onate. The 
amounts of nitrogen lived iii the pure cultures are similar 
to those obtained by other investigators in Lurope uid 
America. ^ 


Well marked dillerenccs were oliservecl in the morpholo- 
pcal and cultural characters of species of AzoMmeter 
isolated from Ihisa, Cawnporc, Darjeeiing and Haiigaloro 
soils, and the amounts of nitrogen lived liy these also wi nod. 

A lew' preliminary experiments on nitrogen lixatimi in 
tlie soil were carried out. 

llie addition oi' a seer of cane SLi<^'a]' to a plot two .scpiai'c 
yards in area, resulted in an increase, in tlie nitrogen con- 
tent of the first six inches oi soil, oi nearly hfleeii per 
cent, in 10 weeks. 

The stinnilation of nitrogen activity by the addition of 
soluble earbohydrales iiia.v possibly lie oi cojisiderifole prac- 
tical importance in the future, it has been sli'>wii by Koch 
that certain baclena c'aii torni soluble carbohydrates from 
cellulose which can be used by Azotohacter as a source of 
energy lor nitrogen iixaiioii; tliis action would Dring the 
organic matter content of the soil into injiiiediale relation 
with its possible gain ol nitrogen from the aij'. 

Some interesting results weie obtained in connection 
with work on bacterio-toxins in soil; it was found possilhe 
to measure the I’elative toxicity of various bacteria i species 
to an intermediate form (/>h and to one another, 

by use of plate cultures and tlie measurement of the rate of 
CO, format i(m in solid and licjiiid media, and the eiiect 
upon the latter of the antagonism or symbiotic action as 
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the case Ji light be. Marked instances of antagonism and 
symbiosis were found, and the production of toxins was 
demonstrated; the methods in use might perhaps be 
employed to advantage in connection with the investigation 
of tlie physiological functions of pathogenic organisms 
Some further work on bacterio-toxius in soils was car- 
ried out in connection with the sewage-treated soil samples 
sent for examination by Mr. Allen of Aagpur. Work oJi 
these soils w-as discontinued at the retjuest of Mr. Allen as 
the sewage treatment scheme on the Aagpiir experimental 
farm is not yet in complete working order. 


TV, — Special Exquiries. 

Potato Rot.^The enquiry on this subject reiert'ed to in 
my previous re]:iort is not yet coinpleti', ])Ut has been von- 
ti lined throughout the year in order to gain turther and 
fuller information upon \ari()us points in coiiuecLion witli 
the physiological functions oi the organisms involved, and 
the probable distribution of tlie lattc!‘ in soil <■! elsewlicre: 
this information is necessai'y in ci‘dm‘ to irame erfectiw^ 
preventive measures; rep'orts of tlu‘ occurrence oi' tuber roL 
in store (‘ontinue to trom ^■ariolls parts ol‘ Imtia, 

and numerous samples have been examined, in many 
instances the rot is due to t inigal and not to bacterial 
attack, as described by the lm|)crial Mycologist. A report 
will be issued shortly. 

Bdkhar.- At the request ot t!ie Assistant (hminiissioner 
ut Excise for J3engai. Eiliar and Orissa, and Assam I under- 
took to investigate the biological factoi's in coniiectiou with 
the fermentation of rice beer, witli a view to determim' 
the feasibility of conti'olling the nmnutacturc oi the icr- 
ment, which is at pi'esciit in the bands (d‘ a [leculiarly mi- 
suitable class, geuerally hillmen, who make the ferment or 
Brikhar according to time-honoured traditiomil methods oi 
more antiquity than precision. The result oi the pres<mt 
state of affairs is a great variation in tli(‘ (juality oi the 
fermented liquor, due to the presence in the Bakhar oi 
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numerous species oi' ferments, and in tliC rire beer itself 
there may be deleterious siilostanees derived from the same 
source. It is thought that the nuuuifacLurc of the ihikJiar 
or yeast might with advantage he eonti'olled in order to 
provide brewers with a reliable leJineni of nniform com- 
position and action, and examination of samples of this 
material from various sources shows that tire fermeiitijig 
organisms present dill'er widely in eharactei' and elTed. 

The fermentation of rice differs from that of barley in 
one important respect, in that ihv rice as a consequence of 
husking loses its power of germination, and with it is also 
lost the natural change from starch to sugar produced by Uie 
enzymes formed during this process: this change in the case 
of barley is characteristic of the operation known as mail- 
ing, which results in the eliange of the starch of the grain 
into sugar, a necessary antecedent to fei'menLalion by yeast, 
ill the ease of rice it is therefore necessary to pioduee the 
change of starch into sugar known as sacchanlicaiiun, by 
the addition of some loriii ol sacchariiying ierment which 
will provide the ciizyiiic diastase iw which tins change 
may be brought about. Harley gram on gei'miiiatioii luxc 
duces diastase wiueli under suitable conditions converts 


the starch of tlie grain \uto sugar, tlie grain thus altered in 
eomposition lieing known as iiuiit: the same result is 
obtained with rice by tlie addition of ihikhar wliich cun- 
lains various fungi or moulds wlmse natural gf'owtli on a 
starchy medium is acconqianieri b)' the secretion oi dias- 
tase. The ellhieucy of a sample ol Hiikliar (which is made 
up and sold in tlie form of small grevisli wiiite cakes of 
alxiiit one ouiu'c m weight) will therefore depend lirstly 
upon its containing an ellicicnt diaslase-producing Umgus, 
and examination has shown tliat the saiofiies collected from 
various sources differ widely in ivspect to the kinds ol 
fungi present and their corrclateu diastasie power with 
.x-aixl to rux' starch. When the I t.kluir cake is porvdered 
and mixed cvith nee ^^luelI has keen repaved bv mois en- 
ing, the fungi present lonu inveclial giowt i w m i ui\o ' s 
the ncc grains and gradually coiuevts their starch mro 
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sugar, the completeness of this result depending upon the 
suitability of the conditions provided and upon the pre- 
sence of fungi of adequate diastasic power. A large num- 
ber of different species of fungi were found in various 
samples of Bakhar and the rapidity and completeness of 
the saecharihcation of the rice starch also varied in accxird- 
ance with their relative diastasic powers, which were mea- 
sured in pure cultures. It may be said that no one of the 
numerous species found compared favourably in this res- 
pect with As’perijillus Orijzce which is the organism used 
for this purpose in Japan in the manufacture of “ vSake ’ 
or rice beer, by the use of the corresponding ])repara1.ion to 
Bakhar known in Japan as “ Kojif’ it is possible that the 
introduction of Asper(jllluf< Oryzm into India might con- 
siderably improve the rice beer of this country. 

When by the action of the diastase-prodm ing fungi a 
large proportion of the starch of the rice grain has been 
converted into sugar, mostly maltose, the next step is the 
fermentation of the sugar by yeast with ton nation of alco- 
hol. In the very full and interesting account of the use 
of Bakhar by J. C. Bay published in the Jininial of the 
Asiatic Society of Bengal (Vol. II, Ao. 4 of ibOb) the author 
ascribes this alcoholic fermentation to tiu' mucors wliich 
have already exerted a saccharifying influence on the 
starch; I have never failed, however, to lind yeasts present 
in Bakhar capable themselves of producing alcohol without 
involving the supjiosition put tor ward that mucors in their 
vegetative condition secietc iliastase but in the repi’oduc- 
tive stage produce zymase, the alcohol producing fer- 
ment. The yeasts found varied just as the mucors and 
other fungi were found to do, and as it is a well known 
principle in brewing and distilling that the variations in 
physiological characters of the yeasts involved require 
careful selection of the latter aiul (xxeliision ol undesirable 
varieties, it is very probable that the haphazaid introduction 
of unknown numbers of kinds oi yeast into ric<‘ beer by the 
agency of Bnkbar would affoi'd another [)oint over winch 
control might usefully be exercised. 
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A third point arises in conueetiuu with tlic use of 
Bakhar; as will readily be uiiderslood, when any organic 
matter such as moist rice is exposed to the air the ensuing 
fermentation is likely to be complicated by the presence 
and activity of bacteria; in the case of beer brewed in 
Europe from barley -malt and hops, the value of the latter 
depends upon their content ui hipuiin ^vitil its associated 
“ hop resins ' which act as preventives of bacterial action; 
Bakliar contains iiiauy subsiaiK:es tne inciusiou of whicn 
probably originated in an attempt to prevent putreiactive 
changes, although now they luim merely parts ol the tradi- 
tion or trade secret handca down witlioui knowledge of 
their specihc function, or oi the tact that whiisi the muui- 
diness aimed at is produced by fungi, the putrefaction 
sometimes resulting is due to bacteria. 

Chillies, ginger, and the uarK and roots of various 
plants are among the substances incorporated with the 
‘^round rice to lorni Bakhar cakes; so far the iiniction of 
the various substances examined appears to be to restrict 
the growth of bacteria during the earliest stages oi in lec- 
tion of the ricc to be iennenLcd until the giowth of the 
mucors lias become strong enough to suppress baelenai 
competition, and in this respect liie}- resemble the hop 


resins in action. 

Many ol the subsLatiees added lo bauiuir oy the 
makers are no uoubl iiiLendeu to produee odiei eii>'eis 
wbieli would, howeier, be coniiued lor ilie most part to ilie 
beer and aouiu not aiipear ui die mstiiieu s|Urit; it lias 
been reported tliat JJauini anil A \ uiutca are sometimes 
used 111 tills way and ii is uaiiutu lo suppose iluit the repu- 
tatioi) oi a llakluu luaKei mtgiiL be ennaiiced amongst a 
certain class oi lus ciicius i>> such repreiumsibie prac- 
tices. Specimens ol a piaiit .-aid te be a necessary ingre- 
dient ot iiakliar as uuiue m ihe Darjeeliiig tlisuicl, lave 
been sent to me tor exauiiiuition; iins plant is uiowu o 
the Liiiibuo tribes as - W adiughangiua and U) tne 
iNepaicse as - JUu.uscu pan: u iia- lieeu uieiiuhed by the 
curator ot the Lloyd iiulaiiie uardeii in aijoe lUtj it® 



92 


KEPOHT OF THE AGEICULTUIiAl, KESKARcH 


Polygala ariUata; tiie bark of the roots afforded a decoetion, 
tlie antiseptic properties of which are now under cxatniii- 
ation. 

Analy^h of Soils . — 

Rek Soils . — Samples of " Reli " soil received from tlic 
Agricultural Chemist to the Covernment of the Puiijai) 
were under biological exammatiou and formed a subject 
of study for Mr. Barkat Ali, a student from the runjal) 
who is undergoing training m soil bacteriology in this 
section. Several interesting facts were discovered as to 
the effect of lixiviation upon the flora of these soils, and 
the conclusion was arrived at that the normal processes of 
auimoiiihcatioii, nitrification and nitrogen fixation would 
be the natural consequence of removal of the excess of salts 
from the soil by this means; Mr. Barkai Ali has lurnished 
an excellent report upon his work which encourages tiic 
belief that a well trained chemist can acquire sutiicient 
knowledge of the methods of biological analysis as prac- 
tised in this laboratory to enable him to carry out sucli 
work satisfactorily without excessive su])er\ ision after a 
two years’ course of instruction. 

Biological analyses of soils from Cawnpore, Sind, 
Assam and Aepai were carried out and reports upon them 
furnished; the method used is still under revision owing 
to the necessity for variation in accordance with the char- 
acter of the soil and the iiifonnatioii desired. 


V. — Bkoukammk or work for iOH-iS, 

Major Subjects. 

(1) iNitrilication. 

(2) Nitrogen fixation. 

(3) Biological Analysis of soils. 

(4) Investigation of effects of inanagemeiit ujMHi 

the constitution of the Soil Complex. 

(5) Green Manure experiments. 
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Minor Enquiries, 

Potato Rot and other Plant T^itlmgens. 

Bacterio toxins in Soils. 

VI. — Publications. 

Acting in conjunction ^vith the Imperial Agi'iculturist 
I made a series of tours as detailed above w ilh the puroose 
of investigating the conditions under wliicli dairying is 
being carried on in India at the ju'esent t\m(\ and furnished 
a report dealing with this subject. (Published as appendix 
F to the Proceedings of tJie Board of Agriculture in India 
held at CV)imbatore on the 8th December 19PI and the 
following days.) 

A Bulletin on Gre(^n innunrinq (Pusa Bulletin No. 40) 
recording tlie exj^eri mental nrsults of tlii‘ first season's work 
on this .siihjcd was pulilishtul. 
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REPORT OF THE IMPERIAL COTTON 
SPECIALIST. 

(G. A. Gammie, F.L.S.) 


I. — Charge and Tours. 

I held ohnrge of the nppointment throughout the year. 

Touts . — Tu July, I visited Simla to assist the Officiating 
Agricultural Adviser to the Government of India in draw- 
ing up a note on the present position of cotton in India; 
in October I visited the Punjab to advise the Director of 
Agriculture in consultation with some members of his staff, 
as regards the present and future lines of work to be under- 
taken in cotton; in the same month I also visited the 
United Provinces, where I met Dr. Parr and Mr. Wilson, 
the Officiating Ecomunic Rota i list. In November I visited 
Sind, in the com])any of the Director of Agriculture, 
Bombay, to discuss certain details in cotton cultivation in 
Sind; in March 1914 I visited the agricultural stations in 
Guzerat, including Bai'oda, and the Southern Maliratta 
Country. The remainder of the time during the year was 
devoted to the supervision of my own experimental area, to 
the giving of advice to many co r res jjon dents and to 
arrangements connected with the valuation of numerous 
samples forwarded for my opinion. 

Mv assistant, Mr. D. Ik Nlankad, made several tours in 
Guzerat, Katliiawar, and the Southern Mahratta Country 
throughout the year. 


IL — Cotton in the Provinces. 

Punjab , — After my visits of inspection I furnished the 
following short note to the Director : — 

“ There are throe distinct types of American cottons, 
{a) Upland Georgian, (h) New Orleans and (c) annual form 
of soft Peruvian. The first, on account of its hardiness 
and immunity from the attacks of pests, is obviously the 
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type which should he introdiicw] into general cultivation; 
the second is less hardv in its nntmv.' Tt is attacked by 
Jassids tills year and its svipenoritv to I plaiid is so trifling 
that it is not wnrtli the rist: of lieinn; maintained. The soft 
Peruvian is one of the fini'st cottons ever grown in India. 
Its low outturn (in spite of its higher price), however! 
bring.s it on a par with T'pland. This variety .should not 
be distributed iiidi-Sfriminately. but slionld he brought to 
the notice of farmers of good position who would under- 
take to give it the necessarv earc and attention. T would 
advise that your selections of American cottons be kept 
down in number. Many at present existing do not differ 
.sufficiently from one another to deserve being kp])1 separate. 

“ As regards the Ih^shi cottons, a survey shoidd be 
carried out in eacli tract so tliat the dominant forms in 
eacTi can lie exti'aeled and tesled eom(iaratively ns pure 
type.s. 1 hose jiassiiig tlie test could be rapidly multiplied 
on seed farms for distrihutioii in cultivators. It is almost 
nnnecessarv to point ou( tliat aid slamld lie given in the 
marketing of the produce until flie trade is disposed to pay 
fair jirieas spoiilaneouslv. 

■' Mr. Miliu's diseo'.'crv tliat root-rot is caused by a 
nematode worm is most interesting and 1 hope he will 
jiublish Ids notes as sojoii as possible. He lias now on his 
llotanical area pure strains of all the varieties of cotton 
found in the Punial). Tliese can be compared with \oiu 
survey types and time could he saved by making a start 
from these for your seed farms. 

Since writing the above 1 ha\e heard thai the cottons 
of the districts of Lyallpnr, Hissar ami Lahois' have been 
surveyed with the following results : 

Lyallpur Talisih fiossi/pium indicnw. yellow flower- 
ed. is the prominent form. 

Toha Tek Singh.— 6'e.v>'//;uV .■<(nujiiirirum. both 
broad-lobed and iiarrowdobed. chiefly near 
Gojra, and liullcuin, yellow flowered, 

in almost as great quantity. 
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STimiindri and Jaranwala.— indicum, 
yellow flowered, and Gossy'pium neglectum, 
yellow flowered, in almost equal quantities. 

Til ere is everywhere a fairly considerable admixture 
of the white flowered varieties of Gossyj)ium 
indkum and venJectnm, and these, popular 
opinion regards as heavier yielding. Certainly 
the percentage of lint is higher in the white 
flo^vered varieties grown in the I.vallpur Sta- 
tion. Gofiiiiiytv.ni smifuirneuni is not uncommon 
in the Lyallpur and Sumnndri Tahsils, but it 
is the predominant type in few villages. 
TTissar.— In Hissar, TTansi and Fatehabad Tahsils 
two-fifths are yelloAv flowered Gossyjrivm 
indicvm and one-fourth to one-third is white 
flowered nenlecfnm. There is no Goi^sypinni 
sanriuineum . Cotton is unimportant in 
BhiAvani and Sirsa Tahsils. 

T.ahore. — Yellow flowered J rid i cum represents 74 per 
cent, in ChuTnan. 78 |)er cent, in Kasnr and 91 
per cent, in Lahore Tahsil. In Chum an about 
10 per cent, is yelhwv flcnvered Gossypium 
neglcctjim, in Kasnr there is a good deal of 
broad leaved Go.'^sj/pium san(juiucu7}i in canal- 
irrigated villaLms. 

As regards tlie retention or rejection of American 
varieties, those retained are of the rough leaved and those 
thrown out are of the smooth leaved type, 4 F is the chief 
American cotton on the Station and it has d(me well every- 
where in 1913. The experience of past years shows that 
American cottons will do well in the colonies under canal 
irrigation, but they require good land and better cultiva- 
tion than the indigenous cotton. 

Jhuted Promvcrrf of Arv'a and Ondh.—Axx connection 
with my tour in these provinces I supplied the folhwving 
short note : — 

“ The lines of \vork in Dr. Parrs division are : — 

(1) The substitution of I fie pa^evailing mixture by the 
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distribution of the seed of a productive white 
flowered indigenous cotton. The colour of the 
flower is of important assistance in maintain- 
ing the purity of the type. There are now 
20,000 acres of this under cultivation and it 
may cover the whole cotton area of the division 
in the course of a very few years. The whole 
of the seed cotton is ginned under the personal 
supervision of Dr. Pari', so that the chance of 
mixture is avoided. 

The introduction of this variety teaches the cultivator 
the value of a pure crop and after he has 
learned his first lesson a second could be com- 
menced by issuing one of the higher class 
yellow flowered types, of whicli one at least 
shows great promise here. 

(2) Regarding the comparative merits nf Pawnpore- 
American and Bhnn. Dr. Parr considers that 
the latter will lie more pvofltable and I am 
disposed to agree witli him. Mr. Hurt is. hoAv- 
ever, of a contrary opinion and the difference 
can only be settled by making comparative 
tests. 

Previous experience witli the CaiAmpore- American cer- 
tainly pointed to tlie lact that tlie outturn of 
American cotton in the I nited Provinces tends 
to diminish more and more every year. 

(3) Cambodia, on account of its prolonged season of 

growtli. 'is not at all pi’onnsing and its ciiltiva- 
tion should be given up. 

(4) The problems to be solved in the I nited Pioviiue^ 

are simple, one being the introduetton of a 
longer stapled sort (either American Fpland or 
an Indian hvhrid as M,. Leake is attempt- 
ing), the other being the .substitution of a good- 
paying pure crop in (he iilme of the 

mixture, uhich is now universally grown. 

H 
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In acknowledging the valuations of samples of cotton 
which were sent to him, Mr. Eurt gave me the following 
interesting information: — 

“ The results of spinning trials at the Elgin Mills and 
of a valuation by the British Cotton Growing Association 
sho^v that the CawTi]X)re- American is valued more highly 
than the Dharwar American. This difference is, however, 
not important as the Dharwar variety does not do so well 
here as regards yield and is much inferior to the Cawn- 
pore variety in ginning percentage. From the valuation 
based on larger samples I am inclined to think that the 
Cawnpore- American is more nearly equal to Middling 
American than Messrs. Tata and Sons’ valuation. 

“ As regards Boyd and Black Rattler, I am rather sur- 
prised to find that Boyd is valued so much above C awn pore - 
American, as there was little difference as far as we 
could tell here. Boyd is, however, one of the most pro- 
mising of the imported varieties and ginned well. As 
regards the Black Rattler, it is impossible to say as yet 
whether this will yield sufficiently well to be worth growing 
here. It is a later plant than the Cawnpore- American, but 
has not yet been fully acclimatized. In the meantime we 
are continuing trials of these and other cottons and at the 
same time trying to select uniform agricnltural types from 
them. The Cawnpore- American variety yielded well last 
year on a considerable scale and we have about 500 to 600 
acres of this varietv this year, having received a guarantee 
of a minimum price of 6?, per lb. for the lint plvs premiiiTH 
depending on the spot price of middling American.” 

During the cropping season I deputed Mr. Mankad to 
Kathiawar to assist the Assistant of the Economic 
Botanist, United Provinces, to select types of Kathiawar 
cottons for experimental purposes at Cawnpore. 

Central Provinces , — From valuations made on a set nf 
samples, with details of acreage, outturn and percentage 
of cotton to seed, supplied by tlie Akola Experiment Station 
the varieties grown in Berar fell into the following order 
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of merit placed by the market value of the clean cotton 
alone ; — 

Es. 

(1) Gossypium ncglectum, rar. Eoson . GO per acre. 

(2) Gossypium neglect inn, rar. Cutcliica . 58 '5 ,, 

(3) Gossypium hirsutum, var. Bburi . oO'lf) 

(4) ' Gossypium neglect am, rar. Ve]':i . opo 

(5) Gossypium neglectuin, vor. Vera 

(Berar Jarl) 45-5 

( 6 ) Gossypium indicnm (Bani) . . 4r4 ,, 

(7) Gnssypium up/lcctnui. rar. Saiig’or 

Jari 41-12 ,, 

(8) Gossypium neglectnnn rar. Vnlvonsis 40'5 

This proves that the cultivators are ahundautlv justi- 
fied in their selection of white flo>vere(] cottons (of which 
the two chief head the list), for profit. BJn/ri follows closely 
in value and the remaining yellow flowered indigenous 
cottons fall appreciably in the rear. Smumr Jari has solid 
qualities for its own ti'aet hut it cannot compete with the 
natural denizens of the real cotton soil. 

Madras. -A jmrcel of Cambodia cotton grown at tlie 
Hagari Station was the only material submitted to me for 
opinion during the year. The outturn of J:apas was 631 
lbs. per acre and the ginning percentage was 37-5. Tn the 
Bombay market tiie cotton was valued at Es. 295. ^Madras 
Cambodia of the day standing at Es. 315. The value ol 
the cotton alone was therefore Es. 89 per acre, a \eiv 
satisfactory result. 

Bomba jj. — Sliolajuir District. Seed of (lossypium 
neglectuin, var. rosea, was supplied to tlie Inspeotoi of 
Agriculture, Sliolapur, at tlie request of the l)e])ut\ 
Director of Agriculture. Southern Di^i^io^. Tt vas 
tried at Rarsi. where the crop suffered much from want of 
rain, and at Sholapur. where the crop was very visjorous, 
perliaps owing to the fact that it was irrigated four times. 
At Rarsi the outturn of seed cotton oer acre was 364 lbs. 

and at Sholapur 1.510 lbs. ^ 

Manjri Station. -At this station experiments, with the 
view of iutrodueing some paying sort ol coitou into me 
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sugarcane tracts are still persevered with and I made an 
inspection and reported as follows : — 

“ T do not consider that there is any hope of success in 
any of the neglectum varieties under irrigation. Broach 
has already been tried and the results were very unsatis- 
factory. 

Camhodhi seems to be the only good cotton so far that 
thrives under irrigation and it seems to do well round 
Poona where conditions are favourable. At Manjri, you 
have tested it under irrigation for the first time. It has 
received four waterings which are quite sufficient. As 
regards spacing, we agree that the best distance is 3 feet 
between rows and one foot apart in the lines. As to time 
of sowing, I would advise it to be done as soon as the soil 
is moist enough after the first rains.” 

The total yield per acre was 347 lbs. of seed cotton and 
the percentage of cotton to seed 40’3. Messrs. Tata, Sons 
& Co. reported as follows on a sample sent to them for 
opinion : — '' It has lost in length of staple and is also weak. 
It shows deterioration. The value is Rs. 265 per candy 
against Rs. 310 for Madras Cambodia.” 

The value of the cotton produced is only Rs. 47 per 
acre. The result is discouraging, but I have advised a re 
petition of the trial. 

Agricultural College Farm, Poona. Although this is 
not within the cotton tracts, a number of experiments on 
cotton were conducted under very favourable conditions. 

Fourteen small plots of ro^^ea were treated with varying 
mixtures of farm-yard and artificial manures : the contiv)! 
plots being unmanured or treated with farm-yard manure 
alone. 

Messrs. Tata, Sons & Co. reported as follows on the 14 
samples submitted to them : — 

'' These are almost all alike with the exception of 
Nos. 1, 7 and 11, which are a little better than 
the others. Compared with type 23 (Khandesh 
from Phulia), they show no improvement, they 
are a little inferior in length of staple and all 
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have rough feel. Value, ofl, 7 and 11 Rs 202 
each the re,^ R,. 200 (tuliy iiood Kliandeah 
standing at Rs. 205).” 

This experiment must be ('..n tinned for a few vears 

before any definite observations can be deduced. ' * ' 

Bhun was reported on as having long siajile but weak 
fibre. 

The fibre oi (Jam hod hi whs rouiiil to be verv wenk. 

Of three sets of ro^en, the lii*st with the seed sc^paratefi 
by gravity produeed a crop which was i'ouod tf) ))e belter ni 
staple and soft in feel and was valued ai Ks. 21,): oi tiie 
second, with seed not vseparaled, the cotton was a little iio 
ferior and was valued at Ks. 210. The tliird from Akola 
seed was rough in feel and short in sta])le and was valued 
at Rs. 20o. In this instance, there was a decided ad\ antage 
gained by separation of the seed Ixd'oir sowing. 

The white flowered narrow lol)ed variety ironi selections 
was valued at Rs. 202 equal to tliat of No.s. 1 U) 14. which 
are of the same type. 

Broad lobed variety iToni selections of Mafrensis was 
valued at Rs. 2:17 against Ks. 2:15 from seed from Akola. 

In Khandesh variety of which fivsli seed was received 
from Bhulia and grown liere, the cotton was deteriorated, 
the staple was very sliort and i'cseinhlcd llengal cotton 
more than Khandesh. ^ailne Rs. 205 (I'ine Khandesli 
stamling at Rs. 215). 

Karkheii had deteriorated somewhat, valued at Rs. 265 
against TTilly Good Karkheii at Rs. 275. Widte flowcrcvt 
broad lobed (Cutrhica), farm seed, resembles Tine Bengal, 
valued at the same rate, r/A., Rs. 205. 

Of the four plant Ao-plant selections of yellow flowered 
broad lobed, ne(/lecium type, No. 2 comes first at Rs. 242. 
No. 4, second, at Rs. 240, No. 3, third, at Rs. 238, and No. 1 , 
fourth, at Rs. 235 (Fine Khandesh o; the same date at 
Rs. 215). 

Of the two yellow flowered narrow' lobed neglectum 
plant 'to-plaut selections, one is valued ai Rs. 235, the other 
at Rs, 237 , 
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Of four white flowered broad lobed neglecUm and three 
white flowered narrow lobed neglectum plan t-to- plant 
selections, one only was valued at Rs. 215 equal to Kne 
Khandesh; the rest at Rs. 212, equal to Bengal cotton, 
Rajputana style. 

An analysis of the outturns per acre of eight varieties 
shows that they stand in the following order of thi^ir 
value : — 


1 


Si'rial 

No. 

Niinu’ of Yarioly. 


Value of onlttirii 
per acre of cotfoii. 

1 

White riuw 0 rt>:i bioad lobed Neglrctuni {Cnichica) 


Us 

112-5 

2 

Khaiulesh Loeiil .... 


107-1 

3 

Rosea 1 Varhadi) ...... 


0500 

1 

Buri ...... 


03-60 

5 

Yellow lloweicd narrow lubed f Ur7v0 


78-S7 

6 

\ollow llowoi'od broad lobed ( 1 


50' 81 

7 

Karkbeli { Indiciun) .... 


53-08 

8 

J 

Cambodia ....... 

1 


arsit 

The white flowered varieties of coLtons, 
been proved to be the most prolitable. It 

as usual, have 
has also been 


proved in the Deccan that the duration of these plants is far 
longer than either in Ilerar oi’ Kliaiulcsh and that the pro- 
duction of cotton also persists over a longer |)eriod. 

Guzerat. - I supplied the following notes after the 
inspection of the cottons on the experimental stations in 
the province : — 

“ Surat.--1 consider that Selection lA and Selection II 
are the varieties that should l)e |)erscvered with, be(‘ausc, 
of both, the outturn and ginning percentage are above the 
figures of the local cottons and even abovc^ those ol the 
impi’oved crosses already distributed. If the sanqiles of 
these varieties are submitted to me for valuation, I shall 
have them thoroughly examined. 


INSTITUTIi AND (OI.I.KOK. PI SA, |.„l! I, 

“ Mr. Bhinibliai informs nip tlipt, last vear of No 1018 
P. G., selected Broach, 10,000 acres Merc .sown in British 
territory and 7,000 acres in ISarnda. The Syndicate 
secured 5,000 bales out of the total of 7,000, the remaindei' 
was sold nideiiendently by the cultivators to other 
niercliaiits wlien the Syndicate ceased buviny. This vear. 
7,000 acres have been ])ut out and one merchant,'' Air” 
Motibhai Raydiawji of Surat, is olieriny Bs. .7 for 060 lbs. 
of seed cotton over market rate. 'I’lie .\"pnt of Messrs 
Whittle & Co. at Bardoli is also satisfied with the result 
and they are |)aying Rs. 1 alwe the market rate. Th.ere 
is a strong iirobability that these selected varuties will be 
maintained by the ctdtivators. in s[nte of the withdrawal 
of the Syndicate's offer. 

Afr, Hbiinbbai considers tiait il will be quite i)ractic- 
able in villages which grow blocks ot tliosc selected cottons 
to form Cominittt'cs to sctlk* the dis])osal of tlie ])rodnce 
withotit the intervention of iniddlcnien. The new varie- 
ties are niaintaining tlie improvement in the ginning per- 
centage. 

‘‘ Selection I A. out of sele('ted Broaeln gives 35-5 or 
nearly 3 per c^eiit. over the local \ariety. In the quantity 
and quality selections Xo. 2 oat selected Broach, the 
<]uality is good and tlic ginning ]i‘U‘ceutage is 34. 4 his 

year, it is exjiected to also stand highest in yield. 

“ Camf)()(/i(( is abandoned as being nii suit able for the 
black soil. 

‘‘ Nadi ad.- CamlKKlia cotton is being attacked by wilt 
and also by a])hides this season. 'Fhe })ercentage has ialleii 
to 31. In attpearance its lint is imn^li the same as that of 
Lallo^ which, being indigenous to the tract, is not so liable 
to be influenced by abiioriiial seasons. In the district there 
is a diflicnltv in the maihcting of the produce- but as many 
of the cultivators are making their own arraiigcinents tor 
the importation (>f the seed, the lii I disposal ot the cro]) 
should remain in theii' own hands. 

The cottem crosses on tlie tarm sho\\ so \en littk pio- 
raise that it would be well ixwlmps if the ollicers eouceraed 
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drop them and concentrate their attention on the improve- 
ment of Cambodia and Lalio. The increase in the per- 
centage of cotton to seed is the point to be aimed at in the 
former and the high yielding capacity in the latter is 
desirable. In my own opinion, Lalio will prove to be the 
cotton most suitable for the tract. During next season 
Bhuri, Cambodia and Lalio arc again to be tested. 

‘‘ The Superintendent of the Nadiad Farm says that 
Cambodia has been grown on a fairly large scale by cultiva- 
tors, who now find a difficulty in the disposal of the pro- 
duce, of which the total amount is still so small that the 
ginning factories do not care to make any special arrange- 
ment for it. If the cultivation extends, assistance ought 
to be furnished to them from the Department. The cul- 
tivators find that the crop is inclined to mature late and 
they still maintain an open mind regarding the compara- 
tive merits of Cambodia and LalioC 

The following valuations of samples of Guzerat cottons 
were kindly supplied by Messrs, Tata, Sons & Co. ; — 


Surat Farm, 


Serial 

No. 

Name of saiiipk. 

Krmakks. 

1 

Selection 1 A selected 

Compared with No. 7 (Surti -Broach), No, 1 (Surat, 
selected) is decidedly longer and btronger in 
fibre and besides the fibre is even. It can be 
compared with best Surat except in softncBs, the 
feel being rather coarse. Value Ra. 320. 

2 

SdoL-tion lA General . 

Fibres rather uneven. Length also shorter than 
No. 1. Value Rs. 310. 

3 

1U18 P G General 

In all respects same as No. 1. In feel it is little 
softer, rather uneven in fibre, but may bo a little 

1 bit longer. Valne Rg. 320. 

4 

1027 ALF II selected . 

This is very long stapled strong fibred cotton and 
deserves to be encouraged. It is almost equal 
to Navas ari cotton both in length and ati-ength, 
and though acclimatized for a number of years, 
it has in no way deteriorated. Value Rs. 335. 

5 

Do. General . 

Almost same as No. 4, but variable in length of 
fibre. Value Hs. 320. 
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FatDi — contd. 


Burial 

No. 

Nanio of earn pic. 

KEMA Rts. 

6 

Sehclioii II selected 

tumpaved with No, 1, there aoenia to be not raiicfi 
difference except that No. 1 i, ore regular in 
nbre. Vahie Rs. 315. 

7 

Sui'ti Broach 

^ It cannot stand^couiparison to any of the above 
: 6 bamp^s being shorter in staple and woak in 

fibre. Value \U. m. 



St-sodra Plot, 

1 ^ 

2 

3 

Selection I selected 

1027 ALF I! General . 

Navasai'i Local 

j Of the three samples^ 1, 2 and 3, No. 1 is the 
. y best, No. 2 comes second and |Nu. 3 comes 

1 last. Value them respectivelv at Rs. 320. 

j Rs, 3Lj and Ks. 310. 



N a dual Farm, 

1 

! Lalio 

This cotton shows deterioration on >Nadiad Farm, 
Value Rs, 260. 

2 

Gambodia , 

■ i 

This also has deteriorated considerably. Value 
; Rs. 275. 

3 

i Bhuri 

This also shows detcrioiatiun and is very irregular. 
Value Rs. 255. 



Bhulia Farm, 

1 

1 Surat- like . 

It shows a great deal of improvcmimt. the cotton 
being almost oquhI to Surat in length and 
strength of fibre, though not iu feel and silki- 
iK'Ss, Value Rs. 305. 

2 

Broach- like 

This shows no Improvement. It is very irregular. 
Value Re. 275. 

3 

N. R. Cotton . • 

This cotton has more the characteristic of Assam 
cotton and woolly in feel. The staple is short. 
Value Rs. 220. 


Basis of prices on 27th June 1914 : — 


Rs. 

Broach . 290 

Madras Cambodia 330 

Surat , . 315 

Fine BeiifTul 215 

Navasari 335 

F. Dhollera 270 



106 


T?Kl’OnT iW TJIK AGUICULTUKAI. IIESKAUCH 


Kathiawar. — The following note was drawn up by 
Mr. Mankad, Assistant to Cotton Specialist, for the inform- 
ation of the Morvi State, which called upon us for special 
advice : — 

“ The District resembles South America in shape; the 
average rainfall is 18 to 22 inches, very irregular in distri- 
bution which tells considerably upon the production of the 
cotton crop. 

Soils.- There are three kinds of soils, viz,, (1) black 
cotton soil, (2) besar and (3) light. The last named is 
chiefly met with in the southernmost part of the State to- 
wards Tankara. 

Rotation . — Cotton is rotated mostly with Jowari in 
cotton soils, but in lighter kinds of soils Bajri forms the 
principal rotation. 

The average area devoted to the nulture of cotton in 
the State varies from 1,25,000 to 1,40,000 acres per annum. 
Broadly speaking, on account of enhanced prices of cotton, 
of late, two- thirds of the total cropped area is annually put 
out under it, as it pays better to the grower. The average 
outturn may he computed at 100 lbs. clean cotton per acre. 
In recent years, however, it has become the general practice 
to grow cotton \vithont any rotation whatsoever, on the 
same land, and it is held amongst the cultivators that 
there is no diminution in the outturn. Economically the 
practice has proved a sound one owung to the high price of 
cotton. 

Varieties of Practically speaking, there arc 

only two \arieties in the State, called (1) Deshi or Wagad 
(bolls of which are picked out bodily from tlie plant and 
the cotton extracted, at home), and (2) Kanri, acidimatized 
Broach, the seeds from Kalinum of the Broacli District seem 
to have been l)r()ught in these parts some 25 years ago; in 
addition to these two, there is a, third variety c-alled Mathiev 
mixture of all the neglectum typos that compose the cottons 
of Khandesh and Central Provinces, which occu])ies a very 
small area in the south of the district towards Tankara 
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and is grown in light soils only, to get tlie crop ready before 
frost occurs as tins tra(-t is more sii])ject to it. 

The actual area under each of tliese tliree varieties is 
not separately kept, Init it is understood that Deshi or 
WcKjad occupies the largest area. Of the two principal 
varieties, Wagad is raised tnirely as a- dry crop, but Kanoi, 
wherever there are facilities tor irrigation, is given two 
or three waterings; as an irrigated cro}). it gives a larger 
return. Kaiivi matures also tliree weeks earlier than 
Wagad, the picking of Kduri cotton is easiei' tlian that of 
Wagad, as it bursts out from the cajisules when the bolls 
ripen; in the ease of l\ agad cotton, howevei', the opening of 
the bolls is not pei'fect- so that the Ixdls aie plucked off and 
cotton extracted at home, which entails extra expenditure. 

Forty pounds of H agad liolJs give 28 lbs. of kapas after 
extraction. The charges for taking out cotton from the 
unopened l^olls vary from one anna to three annas accord- 
ing to seasons. This work is mostly done by women. 

There arc three distinct cotton tracts in the State ac- 
cording to the quality of cotton produced. 

(1) The eastern portion is known as the Nadipar, 

which is practically fi'ee from frost, the cotton 
produced in this tract is offered 4 annas more 
per maiuid than tliat produced in the Boidiar 
tract, 

(2) The western poi’tion is called the Boidiar traci 

(tlicre aj*e many bor trees, Z\ziphi.< jujuba). 
This is })art tally subject to frost. Ihc produce 
of tills tract is considered inferior to that of 
Nadii)ar 1ml bettor than that of the Tankara 
traid In tliis tract W^ajnd cotton is pollard- 
ed. (hiltivators bela-e that the yield and 
qiialitv o\ ihe raitooned crops are maintained. 
Tins belief is incorrc: t. The rattoon cropjvas 
valued at Us. 240 pe. andy against Rs. 255 of 
the fresh (-rop of WiumL the reutoon crop is also 
bound to fall (4i in ginning [ erceiilage in addi- 
tion to the quality of cotton. 1 am informed 
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that a large area is kept undei' the rattoon in this 
tract in order that the crop may be picked out 
before the frost occurs, 

(3) The southern portion is known as the Tankara 
tract which generally siifl'ers from the effects of 
frost, Mathio is, therefore, grown in lighter 
kinds of soils to get an early crop. As Mathio 
produces a very small crop, the produce is 
usually mixed up with two principal varieties 
already mentioned. The quality of cotton of 
this tract is considered inferior to that pro- 
duced in the eastern and western portions. 

With regard to the quality of cotton, I feel that both 
Wag ad and Kan cl are equally good. The crops vary 
slightly according to seavsons only. 

Aa/u’h— The staple is slightly longer, fibres weak, cotton 
dull in colour and thin. 

Wagad , — The staple is slightly shorter, but strong and 
white in colour, in addition, tlie cotton is bulky. 

Bulk for bulk Wagad cotton fetches on an average 
Rs. 10 more per candy than Kanvi. 

Samples of both these varieties were obtained from each 
of the three tracts and were submitted to Messi^s. Tata, 
Sons & Co. for opinion. The following are the valuations 
of each of these samples. 

Basils of caluatioa on Gth May 1014 : — 


Tine liroacli .... 

Rs. 

2G5 per caiuly of 784 Ibs- 

Alorvi ..... 

25U „ „ 

.\adipar tract. 

Wagad from Jetpur . 

240 

Kanvi 

235 

Boidiar tract. 

Wagad 

255 

Kanvi ..... 

250 

Aroora (rattoon) 

245 
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Tonhrra irnct, 

Es. 

Wngad 250 

Karn'i 240 

From the valuation report it will be seen that the 
quality of cotton of the Boidiar tract is superior, then 
comes the Tankara tract and lastly the Nadipar, which 
ought to come first. This is puzzling, but it may be cap- 
able of explanation, My own observations in these three 
tracts lead me to believe that in the Xadipar tract, cotton 
matures a little earlier than in the other two tracts and 
being adjacent to the Dhrangadhra State, should produce 
cotton of better quality. The same two varieties are being 
grown in tlie Dlirangadhra State and fetch Ks. 10 more 
per candy than the Morvi cottons in the Bombay market. 

Selection of ^eed. — It is gratifying to note that the 
kun¥is who form a majority of the agricultural class are 
exceptionally keen on selecting well -opened i)olls and hand 
gin the same for seed requirement. Seed for sowing pur- 
poses is never brouglit in citliei* f r'om the ginneries or from 
Ban i as’ sluqis by the kuuhi cultivators. 

Seed for ,w)r'nnj i.s also carefully stored in earthen 
chattis. 

Unnd-ffirL — This flihers from that used in other parts 
of India (excluding Kathiawuir). It is an ordinary gin to 
which a Hv'-wlieel is attacliod. tlie price of such a gin 
depends on the quality of tlie fly-wheel, but it may be taken 
at Rs. 10 to Rs. 15. The work done by this hand-gin witli 
the Jierhaceiim types of cotton is 160 lbs. of kopas per day, 
working at the rate of 12 hours a day requiring two men 
and one woman. 

In addition to ginning cotton lor seed requirements, 
the knnhi cultivators take out sVidicient seed for cattle 
for the year by means oi sucli jiiis; a portion of tlie 
lint obtained is by hand for making clothes, ropes, 
etc., to meet ilomestic and agricultural ]‘eqniremeiits and 
the surplus is sold. The haud-ginued cotton tetclies Rs. 10 
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less than the machine-ginned per candy, as the former con- 
tains comparatively a larger percentage of broken leaf, 
dirt, etc. 

Witli regard to general enltivation, it should be mention- 
ed that the I'unhi cultivators are first class people in handl- 
ing the land. The cotton fields were found scrupulously 
clean throughout and the agricultural operations perfect. 
Tile standard of cultivation could, iiowever, be raised by 
deep-ploughing, etc. 

As the rainfall is very precarious, it is suggested that a 
bullock-hoe of the Surat type (curved blade) for intercultur- 
ing miglit prove more beneficial than the local hoe in the 
conservation of soil moisture. I have personally explained 
its advantages to tlie Revenue Commissioner and the Patel 
of Mandan. A blade of the Surat hoe has already been 
sent from Surat. 

Varieties actualhj under trinl . — Tn the Kesawala garden, 
trials wnre made in saiipde ]:»lots with five varieties includ- 
ing two perennial cottons, riz.:—- 

(1) Knmpta (seed ol^taincd from Mi ra j). 

(2) Dhinear A merican and (Aanniodht (Upland types). 

(T) Seed received from Rangoon {Sealectnm tvjies). 

(4) And wuth varieties of perennial cottons, rlz.: 

S'penre and Kidneij or chain-seeded. 

All these had I'eceived wmterings. 

(1) Kuinpta.—1\\^ grow'tli was satisfactory, the cro]) 
had not ripened but a few ])olls that had opened 
w^erc examined; cotton was tliin on seed, as is 
usually the case witli tliis variety, though the 
quality of cotton w^as almost equal to Kumpta 
of the Southern Mahratta Country. The local 
cotton {Waijad or Deshi) is superior in all res- 
pects to Knmpta, as tlie j:)ercentage of cotton to 
seed is greater than the one under trial, and the 
cotton is also bulky. 
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(2) Dharwar Avierican and Cambodia former 

had practically failed, on account of the attack 
of leaf bliglit, tlie latter grew satisfactorily, 
braTichirig in all directions. On examination 
tlie fibre was lound weak and the staple com- 
paratively sliort, though it showed high percent- 
age of cotton to seed. This (juality may fetch 
Rs. 20 to Rs. 25 more |)cr candy over the local 
cotton. 

These varieties were planted out too far apart (G feet on 
either side). The American annual forms are grown in 
the same way as the local cottons, jj'., lines 2 feet atiaiT 
and distance from plant to jdant 1 to I } fo.')t in the row. 

(3) Seed fro?n Ran gone. -1 ho resulting plants were 

of the rieglectiini type, the rijieniiig period had 
considerably prolonged, ])rol)a})ly due to irriga- 
tion. In ])arts Avliere tlie fn'glnctum types are 
grown, the crop requires five to six months only 
to mature. The quality of cotton is in no way 
superior to the local eiuion: it should, Ihmvfore. 
be abandoned. This is souiotliiug like Malhin 
cotton. 

(4) and (5) Spntrp and Kidmaj cotton^' (pnrpnnial 

varietie.C- — These liad made very unsatisfactory 
progress. Results of a few yeans' experiments 
proved plainly that all the varieties of tree 
cottons possessed so many inlierent defects that 
their prohtahle eultivaiiim was impo.ssible on- a 
feld scale. 

Mr. Spence's attempts at the cidtivation of Spenee 
variety on a largi' scale at Deesa and fTa.mnagar. Mr. r\t1(U ^ 
at l^elgaum witli Rough Perair'avi and Messrs. Shaw, 
Wallace & Co.'s in llengal with Cti -anniien and almost all 
tree cotton varieties hopelessly lailed and no one leports 
even iiiodernte success with them 

The chief drawbacks in theii' enltivation are 
(1) Their very strnctnre is that of woods and sheltered 
places. 
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(2) Their brittle nature forbids their being grown in 

open fields exposed to winds. 

(3) They are more subject than the annuals to insect 

pests and these are carried from year to year 
and the land becomes weed-infected. 

(4) And finally, the steadily decreasing annual out- 

turn is the strongest argument against their 
cultivation. 

In conclusion, it can safely be said that the tree cotton 
which, will succeed in India as a field cvof has still to be 
discovered and it is extremely risky to attempt the hope- 
less task of tree cotton cultivation on a commercial scale. 

In the new garden, T was shown about half a dozen 
grafts that had been made betAveen the Arhoreum and 
Deshi cotton according to the new discovery by a German 
named Schsetin. It has been suggested to collect all the 
cotton when the bolls ripen and to put out a larger aren 
next season to test the results. In our opinion, it is highly 
probable that the cotton plant Avith its brittle wood and 
tough fibrous inner bark does not allow of any prex^ess of 
grafting, which will produce frost-resistant types possess- 
ing desirable quality of cotton. 

I Avas taken over the proposed area of 2,000 acres in 3 
blocks in the Tankara tract, which is to be left at the dis- 
posal of an American expert, Avhose services have been 
lately acquired, to test the suitability of various crops. 
Most of the land is under cultivation, flat, with facilities 
for irrigation, in fact, beautiful to Avork with and it is 
hoped that the authorities will spare no pains to tackle 
various points connected with the improvement of cotton. 

I had also an intervieAv Avith His Highness the Thakorc 
Saheb of Morvi, who takes keen interest in the im- 
provement of the cotton crop, and Ave discussed the cotton 
question at full length. He desired to try Broach seed, 
which has been supplied. As the rainfall is scanty, I am 
afraid that the long duration of growth required by Broach 
cotton might tell upon the opening of the 1k)11s. 
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In conclusion, T think that the two local varieties 
Wagad and Kanvi are in evio'y respect suitable to these 
parts and the products meet the demand quite satisfactori- 
ly. As the conditions of soil and climate do not seem to 
favour any other variety, either Indian or foreign, I would 
suggest that attention slioidd be directed to increase the 
outtarn by Ix^tter methods of cultivation and impnw’e the 
'dnning percentage of each of the two local varieties hy 
selection. An attem])t sliould also be made to distribute seed 
of llVff/oc/ and Kavri from the Dliraugadhi'a side- whicli 
produces bettei' (|uality of cotton. At the same tiim^ 
arrangements should made witli tlie expmd to ticst tla^ 
suitability of rambodia nrtdrr irngntion and of iui])orted 
Broach seed. 


In this connection, tlie following lettei' was received 
from the i\rnnager and Executive Engineer, Morvi State 
“• Mr. 1). P. i\lankar] came here on the 3rcl instant and 
stayed up to tlie lOtli. He visited different J^talials of the 
State and made his jouimey on onr tramway of a length 
of about 60 miles, wiiere the principal crop is cotton. He 
was also shown the different varieties ot cotton under tiial 
in the State gardens. Thus every facility was given to 
liim to visit tlm. different parts of tlie t^tate. so that he can 
send in his full report. T shall tlierefore feel very mneh 
oiiliged if vou will kindly send me a copy ot his report. 

are verv much oldiged to you for the hel]) yon have 
o'iven us l.v sending Hr. Hankad. who was verv Imsy here 
'during his stay with hrs work and for this he also desenes 
our thanks in no less degree. 

The Director of Agrieiilturc, Baroda. subiipted foi^ 
Vriluation two sam])les ot cotton gimvu in Kat iia 
at Kodinav. 


The first, of ,Vme Dr/cems tvpe. selected out he 

prevailing mixture in the fields and gr wn sepaiate y to ^ 
krtain id value. Tlie plot was A-ded three times wlmax> 
rain during the season. In spde ol t im a \ le c ( 
of seed cotton iier acre was obtained, the gimii „ ^ 
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being The clean cotton was valued by Messrs, 

Tata, Sons & Co. at Rs. 315, compared with Sind American 
of the same date at Rs. 310. 

The value of the second sample, which was a selectts^l 
local Mat hi 0 ^ was Rs. 190, equal to fine Math to of the day. 
No figures of outturn were sup[)lied with this. 

It has been suggested to the Director to repeat these 
trials during the ])resent season. 

Southern Mahratta Country.— Tlie following notes were 
sent to the Director of Agriculture, Rom bay, after an in- 
spection of tlie cottons in the Sontliern MahreOta 
Country : — 

“ Dliarwar. — Tlierc are now series of 10 generations of 
Broach cotton on this farm. The ])C]’eentage has dropped 
to 29, wliicdi is. }iowe\er, al)on( 4 to 5 ]:er eent. !iiglu*i’ than 
the inaximnm of Kiiinpla. so rliat. judged on this 
alone, it still leads. 

Some members of the local Agricultural Association 
have offered to grow animally 300 acres of Broach from 
imported seed and to guarantee the distrilmtion of seed 
only from cotton of the first class from tliis area, the 
standard to be fixed when lots are ginned to ascertain the 
percentage. This semns to be the most practi('able plan to 
ensure the continuous supply of selected Broach seed in the 
District. 

The longer growing season of Broach would always be a 
strong factor against tlie ])ossibility of its evei‘ su))planting 
Kumfta in any great degree. By steady selection ti^e gin- 
ning percentage in Kiinifta has been raised to 29, an advance 
of 4. It is quite possible that, by steadily aiming for per- 
centage, a still further increase could be arrived at. 

The cultivation of (Utmhodia. has been abandoned at 
Dharwar. The crosses Ijetween Soft Bern nan and 
Camhodia are not ju'omising aftei* all; they seemed to 
have retained the perenniaJ cftaracter and may fruit it 
held over for another season. As ]:)crennial cottons lane 
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been proved niisiiitable for conditions in India, tliere seems 
no good ground to jnstli'y the inairueiiaacc ot these crosses. 

One linndrcd })Oiinds of selected Ivumiil/f seed liavo 
been given out, 1)nt no results yet cnallabhc It lias 
l)ecn proved tliat the use oi: a fence of Sin/ n't as a. wind 
break is not pnicticable. ;is it eNcrcises a. distinctly bad 
influence <ui contiguous crops. 

As far as I could gather, there is iu> dissatisfaction ex- 
pressed regarding the ({iialit\ of the iiiijairted Xavasari 
seed this year. 

Oadag.— This farm is now restricted to trials with 
American tyjX'S oi eotton. As at i)liarwar, the cioss 
between (Sunhodin and Snjt FertiriftK is not at rdl ])ronus- 
ing. 

The whole of the ('miihoflni is non’ treated as being one 
variety, ami the trials ai^e directed with a view of keeping 
up the standard of staiile and percentage. 

d'he two forms of Dlnn-trnr Au/rriiynn which were 
isolated my .-kK ice last vcaic liau' liccii yi'owii with a 

high perecutage ot puritv. 'there is still a houlh as t" 
wiioLlier the Uplaiul or ^e^v Orleans tvpe is supenor. 
am iiitonneil that some ot the lillages ].i'oilui;..g superior 
Dliai'war Aiuei’iean eoiton are said to grow the i ew 
Orleans Ivpe exelusiielv. 1 have suggested that a Iresli 
survey ot'thcse type,, in tlie disirict should he undertaken. 

The following valuations were knidlv supiilmd by 
Messrs. Tata, Jsoiis iX Co. m' 


I ' (flun It OK 


Ijdsiii of [itoccs oil J itli dniic Oil 

Ks. 

(1) 

Xaviisiin . * ‘ 

. ;t35 
. 320 

C) 

Surat ■ ' ■ 

. 310 

(d) 

Madras (';niitodi;i . ■ ■ ' 

. 290 

C) 

Kuiupta ■ • ' ‘ 

. 2S0 

(0 

Kiiu' l^i'oaolt . • ■ ' ' 

. 205 

(0 

Sa\\giiiai'il ■ • ■ ■ 
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g^Tial Kcffistercd ^ Valuation. 

^o. iNo. : 


DhariL'ar Fdr'in. 

1 1027 A Kumpta X Ghogarl (Surat Cross) ^ Wo place tliem in t lie tollow- 

liig orders as regards lengtli 

2 i ]3(U Do. Dhavwar Cross old . o£ staple and general quali- 

! ty : first No. 2, second No. 

:i ' i Du. Dliurwur Cross new . 3, third No. 4, and then 

i ! No. 1. Of Nos. 5 and <>, 

1 1339 Kuinpi.a Cross . . . }* No. 5 is better than No. 6. 

I Wevalue:--No. IHs. 31)5, 
5 iviimida selected fiT quality . I No. 2 Ks. 325, No. 3 

: R«. 32t), No. 4 Rs. 305, 

0 , Do. tor quantity 1 No. 5 Rs. 300, No. b 

J 11s. 295, 

7 ... R roach, I si gen oration (new seed) 

I Of these, No. 8 is the best. 

8 ... ^nd , • No, 7 comes next and rest 

I are almost ull more or lo^s 

') . equal, though wc find that 

■ Nos. 13, 14 and 15 arc a 

10 ,, 4th ,, ■ little belter than Nos. 9, 

10, ]1 and 12. ^Vc value 

11 5tli • ^0' ^ 

' Ks. 315, No. 9 Ks. 300, 

I'J i Ctli No. lo Rs. 31))), No. 11 

’ " ’ Rs. 300, Nu. 12 Us 300, 

13 ... 51 Hli „ • 305, No. 11 

Us. 305, No. 15 Rs. 305, 

11 8tli „ ■ Com])arod with Nu. 28, 

No. 7 i.s superior toil in 

15 ■ ... 9tii ,! • length of staple, and is 

ratlier thin. 

(Old seed in tio'b iced in 1901.) _ 

10 20l<) Kuiiipta X Comilla . . . ‘-■rossiiig has umterially 

improved in the length and 
strength of staple ov'-r 
Assiiiu. Tliere seems to ho 


no deterioration. If any- 
thing, it has imiuoved, 
V'alue Us. 285. 

17 1027 A Kuuiptu X Ghogari . . • cros.slug, it has obtained 

' 1 white colour of Ghogari and 

I ill staple it is ordinary 

Euinpta, Value Us. 290. 

18 1339 I Kunipta Cross . . . • I seems to have improved. 

: i I Value Us. 30O. 

I I rCoiiipared with Nos. I to 9, 

! [ there can he uu compau- 

j i son with them, since both 

‘ i are very inferior as re* 

ION; ( I Kumpta ordinai'V , . . gards length and strength 

/: \l ; of staple. Of the two, 

i: j No. 19 is superior to 

21 J I (.1 „ from plot Cij8 No. 21 which is even 

i I weaker than Kunipta m 

j I tlic local markofc. Value 

I No. 19 at Us. 280, and 

j I L, No. 21 at Us. 21)0. 
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Serial 

No. 

Kcgifitcrwl 

No, 

Name. 

20 

102E 

Cambodia .... 

22 


1 

! Cultivator's Kunqita . - , 

23 


; Oaditij Farm. 

' Dhaiwar American (Green--see(k'il) 

24 

l2i'K 

i Cambudia , . . . 

2o 

1 1345 

1 

■ Chrisloprher X Chrikopher 

2ti 

! 1356 

Clirisiupihcr X Culpepper . 


Valuation. 


The cotton is very weak in 
fibre and irregular in length, 
Value ID. :>80. 

Ifc is no way snperini' to ordi- 
nary Kuiiipta, equal to local 
cotton. Value Ks, 290. 


It is bet ter tliaii orrlittary 
SawginTU'l c.otjtiiig in the 
nuu'ket. Value Ks. 

280. 

This Cotton fceins io be little 
belter than No. of the 
Dliatwai Farm, IjuI still it 
is weak in fibre. Value 
Hs. 300. 

It is lunger in staple than 
No, 24, but equal iv weak. 
Value Ks. 310. 

This is a very long stapled 
strung fibred cottniL Every 
way a desirable .si lift . Value 
Ks, 360. This deserves to 
be widely cultivated. 


' Dhavwal' AmeviOttii (Uadag' I Ins seeiiis to be a mixture 
i Market sample) of Sawgiimed and KiimpU 

j kappas. Tic th e there seems 

I to be some strengiii in the 

' fibre. Otherwise the eottmi 

is of very Inferior quality. 
Value Ks. 260. 


GijL'td' 


2S 

! 

Broach New seed 

It is slightly inferior in 
length of staple than N'ava- 
sari. Value Ks. 320. 

1 

20 

1330 Ivumpta CruSs . . . • 

It has improved in every way. 
Value Ks. 295. 

30 

... Kumpta Ordinary ■ 

It has lost in length of staple. 
Value Ks, 285. 

31 

102E Cambodia . . • > 

It i)i)S entirely deteriorated 
on the Gokak Farm, Value 
Ks. 275. 

82 

Oultivatcr’s Kumpta {Arbhavi) . 

, Tt is better in length than 
farm ICiimpta No. 30. 
Value Ks. 290. 
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Of four crossed cottons, Kuinfta X Ghogari (Dharwar 
Cross old) was valued at Rs. 325; Kumpta X Glunjuri 
(Dharwar Cross new) valued at Rs. 320; Kwnpta Cross 
valued at Rs. 305; Kumpta X Ghogari (Surat Cross) valued 
at Rs. 305. 

Kumpta, selected for quality was valued at Rs. 300 ami 
the same selected for quantity at Rs. 205. Tlie sain})les of 
Kumpta ordinary cotton were ^alued at Rs. 280 and Rs. 2()0, 
tlius testifying to tlie far higher \alue of llu^ unpi'oviMl 
varieties given above. A sample of eultixalor s cotton from 
Dharwar wais valued at Rs. 200, equal to loeal eottou. 
Another Kuuipta Cross Avas valued at Rs. 205. A sample, 
of cultivators Kumpta from Arbliavi was \ allied at 
Rs. 290. A sample of Cambodia from Dharwar hai'in. 
where the conditions are unsuitable for it, was valued at 
Rs. 280 only, on account of its weak and irregular fibres; 
even a sample from the Gadag farm, where tlie conditions 
are far more favourable, was valued at Rs. 300 only. 
Greciuseeded Dharwar American fi'om the Gadag farm 
was valued at Rs. 280. A market sample from Gadag 
seemed to be a mixture of Dharwar .1 mcrican and KiimpUL 
It was ^■alued at Rs. 260. Of the I pland Crosses, that of 
Chidstopher X Culpepjier seems liohl tlie first position 
in value. Messrs, hata I'cmarked that this is a very long 
stapled, strong lihred (otton and, in owvy way. desii 
able stuff, which deser\t‘s n> he wiilely cull i\ a led. They 
valued it at Rs. 360. 

Of the 0 generations of Ihoaeii eottou at the Dharwar 
Farm, Messrs. Tata \alued 2 at the best, 1 as the second, 
and the rest more or less equal, though they found 7, 8, 0 a 
little better than 3, 4, 5, 6. Last year, it appeared that- 
the deterioration was euntinuous, ljut, from this years 
figures, it would appear that after thoroiigli acclimaliza' 
tion perhaps an improvement may set in. 

The anotiou iiale of Broach Cotton.— auction sale 
of Broach cotton was held at Dharwar on the i2th April 
1014, In all 80,000 lbs. seed was distributed during the 
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year 1913-14 (30,000 ]h9>. seed iiii|)orted from Nnvnsnri and 
50,000 lbs. loeally grown 1 ’viku'Ii e(dton seed). 

All the seed was not sown for want ot timely rains, the 
approximate area so\mi woidd ])e lietween 4.000 and 5,000 
acres. 

Sowing (‘onimenced irorn tlie mtd ol Jnne to middle of 
duly. 

Season on the whole was not tioomi'rihle either to Broaeli 
or to local cotton K^nnyta. 

There were no late rains and eonse(inmitly cotton plants 
suffered. 

Fn all 3,500 (Ihal'rn.^ of hrjfns wore received (4 ^Ihokrffs 
nrc equal to 1 .Veye, that is. erjiial to 1.314 Ihs.) at the 
anctlon Dejiot. 1 am informed ])y the Agent of "Messrs. 
Tata., Sons cV*. Co. that mrnn than 300 were sold away 

hv tlie enllivators luDdin the aiietion sale hn* immediate 
veipiircment of money. 

BrO'ich colton :it t'le Depot w.'is prnded in six diisses 
aceordiii"' to pinninp pert-eiitage-o 

d'lie tollowiiig priops were i-eeJifed pier Sam ot 1.344 
Ills. 






I'.iu 




] 

ISO 

IS,' 



17'' 

u . • ■ 





17 '4 

III . , ■ ' 

.a ■> 




171 

IV . . . ■ 

10' 5 

( 

155 

Y . . • • 

! 

Kupir.trt Cross 

i -T*. 

llii 

j -i J 



I'lio ,,,ie ol‘ the loe.-'l ''''t'"" "" 


Ks. per Acme 
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The low ginning percentage may be due to (a) the 
deterioration of the local cotton seed, {h) poor ginning per- 
centage of the last pickings. 

The representatives of the Bombay mill-owners and the 
local merchants who attended the sale were tlioroughly 
jdeased with the quality of cotton and believed that the 
stuff was similar to Navasari cotton except that the staple 
was rather rough and added that there will be no difficulty 
in realising good ]:> rices for this class of cotton up to 10,000 
and wished that the culti\'ation of this cotton should 
])e extended. 

There were no complaints regarding the quality of seed, 
but it is absolutely necessary to renew every year a large 
quantity of Xavasari seed to keep up the standard of staple 
and ginning percentage.* 

It is interesting to know that a man who had juit out 
only 6 acres under ./?/Y;ar/i cotton, realised Rs. 574 at Rs. 95 
per acre. 

Cambodia Cottofh—The cultivation of this cotton has 
been tried in so many diverse localities tliat it is as well to 
collect all our scattered references under one head. 

Guzerat.— Mr. Mankad has supplied the following note 
on Cambodia prospecTs in North Guz'^rat as the result ot 
liis inspection in November last : - 

“ Believing that the cultivation of Cambodia must have 
spread at Bawla. I went there on the 9th Novemhei*, wheii I 
was informed that the cultivation was not undertaken 
during the present year. 

The glowing report on this cotton is said to have had 
some effect in a village called Vasna in the Dholka Taluka. 
and it is reported that a few acres have been put under 
this cotton. It is a fact that Cambodia seed in these parts 
was sold at an enimneed rate, 5 to 6 rupees per maund ol 
40 lbs. 

* The percMitfige this year, on the whole, seeina to be high throughout. 
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The details of the throe methods of oultivatioii of hotli, 
B/iuri and Camhodia, in the Goradn soii on the Nadiad 
Farm are as follows ; — 

(1) Start given by two wateindigs from May. 

(2) Rain- fed. 

(3) Two waterings fo he given afto)' the eessation of 

rains. 

The new exotics woi'o found attacked by wilt and 
aphides. White-ants had also destroyed a good many plants. 
Judging from the groAvth of tlie plants, tla^ local cotton, 
TMio, appeared more promising. 'Iliiuri seems to ho 
hardier and earlier in ripening (3 weeks) tlian Cfimhadifo 
])iit the low outtuim (‘omhined with a low ginning percent- 
age and a weak fibre are tlic greatest objections to it. 

Cmihodm tried at Shahpnr near Petlad and at Cambay 
in the Kaira District also snfiered fi’ojn the attacks of leaf- 
rollers and aphides. The experimenters now report tlmt 
the outturn is disappointing. 

I am inclined to think that the following ])oints do not 
seem to appeal in favour of f ce/Z/cdk/; 

(1) During the vei^y first year r>f its trial in 1912-13 
it "ave a decidedly kwv ginning peicentage on 
the Farm, and it seems don fitful whether it 
will keep up both in quality and ginning per- 
centage; these two factors are of vital impm‘1- 
ance iii the successful cultivation of cntion. 

(2) Being a delicate variety, ii is more susceptible to 

insect pests than the local cottons, 

(3) Unless cultivation extends feirlv on a large scale 

there seem small ])rospe.‘ts ot estahlisliing a 
market for the disposal >t tins kind of cotton. 
It is also a question hov mr tlie product will he 
kept thoroughly pure. 

(4) It seems difficult in practice to start the crop under 

one or twm waterings in May to get good returns. 
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Irrigating the crop after the cessation of rains 
is likely to prolong the period of maturity.'’ 

In tlie Cambay State, 4 acres were put ont, yielding at 
the rate of 140 lbs. seed cotton per acre. The sample of 
the clean cotton was submitted to Messrs. Tata, Sons & Co., 
who remarked that " the cotton seemed to be carelessly 
])icked and ginned. It has retained tlie length of fibre and 
silkiness. We value it on D hoi 1 era Basis Rs. 10 below 
Dliol le i*a at R s . *25 0 . We m ay mention that if i t had I )een 
carefully picked and ginned, it woidd linve fetched Rs. 205 
per candy.” 

In the Kaira District, at Shahpur also (Uiinhodia was 
given a trial. The crop suffered badly from insects and no 
outturn figures were supplied, but the sample of the [)ro- 
duct was valued at Rs. 270, Cawhodia on the day being at 
Rs. 290. 

l)h i‘anqadhra (Kathiawar).— Half an acre of ('am- 
hodia from seed supjdied by us yielded 12 mannds 
and 30 seers (510 lbs. of seed cotton), as an irrigated (‘rop, 
whereas Ka?irt local cotton yields 10 mannds (equal to 400 
ll)s.) for half an acre in open fields: a mill-owner estimates 
that Cambodia would fetch 16 ]:;er cent, more than the price 
of the local cotton. A sample of this ('(Oahodia (ottoa 
was reported on as follows by Messrs, Tata, i^ons & Co. : 

*■ It is out and out siq^ierior and is the be.st Ca/ahodia of 
the samples examined to-day. We value it at Rs. 320. 
equal to Nava sari and Rs. 5 over the basis of IMadras Cam- 
bodia.” 

Further trials are to be made this season in dry land. 

The auction ^ale of Cambodia cot to a. — The auction sah^ 
of Cambodia cotton took plae^ on the 19th April at Gadag. 

The area under this cotton was mucli limited during tlic 
year owing to its failure during the year 1912-13. 

Purified Madras seed was distributed i!i the Gadag and 
Ron Talnkas of the Dharwar District. 



TNSTTTT’TK AXD COI.KKOE. TM’Sa. FOR 


123 


Abmit 500 to 600 acres ware grown nnclcr Camhodia. 
Sowing took place in tlie middle ot September. The season 
was not favourable to any class of emton and T am inclined 
to think from personal observations that ('cunlmUa c.mies 
out well in a had ttea^on. 

In all 5S7 Dhokra.'-' (4 Dhokra.-i make one .Yoyo of 1,644 
lbs.) were received at the auction De|)ot. 

The cotton was giuded in 6 classes acconling to ginning 
percentages and realised the following prices per \aaa o? 
kajrpas (1,344 lbs.) ; — 


special Cla?f? pmiih il 

3“ and alicyig 

no 

I , . 

cm 

]S7 

11 . 

33 '0 

ISO 

TIT . . 

:'1’3 

177 

TV . 

3:i:) 

172 

V' . . . . 

32’ 3 

inc 


Except the spec id 1 class ctlier classes may have an ad- 
mixture cf rppdru and Ah// jiLints to a small extent 
and this may ac'count for sliLihtly lew ginning j.ercenlage. 

The local cotton Dlutrirnr A no'rienn on the day stood at 
Es. 12G per Ah/r/// of 1.344 Ihs. 

A'.//. - 'rin> rottu)! %va.v IK'l'ft'Oly r lrtni liUt bouli. .staple also slKUtot 

than tlio Ktainhiiil nf ('anilnuli;!. 

The cotton of the s])ecial class was thoroughly pnriiled 
by the Ilepartnient and it is iiitende I to distthbiile seed ot 
this class (uily, togetlu'’' with tliat I'cceiMxl troin the (nnlag 

Earin. 

On the whole, tlie auction sale as a great success and 
Cambodia fetched verv satisfatdhiry ]}rit'es. Tt is possible 
that tile cultivation will (Muisideraldy extmid dui’ing the 
ensuing year. 
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Messrs. Tata, Sons & Co. have kindly furnished the 
actual valuations of all the five classes : — 


R8. 

Specifll CUss 275"^ 

J M 280 

TI 200 

ni 270 I 

IV 285J 


Being ginned not in 
ordinary gins but in 
S'awgins, tlie staple 
aeeras to have been 
Put and cotton pre- 
sents a happy appear- 
ance. Wevalnetbeui 
on the basis of the 
value of sawginned 
at Rs. 270. 


Bash on 17th July 1914:-- 



Its. 

Madras Cambodia 

. 315 

Sawgiiined . . 

. 270 

Xavasari .... 

. 320 

Kumpta .... 

. 275 


From the valuations, it will be seen that the trade 
appreciate the ginning percentage and not the quality so 
much. 

As in former years, I have to thank Messrs. Tata, Sous 
& Co, for the care and trouble they have taken in furnish- 
ing valuations of the numerous samples of cotton submitted 
to them. 7 


TIL — Programme of work for the year 1914-1o. 

(1) To visit and advise on points regarding cotton and 
its cultivation whenever requested to do so by Provincial 
Departments of Agriculture. 

(2) The study of the behaviour of Bourbon, BhurU 

Cambodia and other such cottons in non-cotton-prodiicing 
tracts, as detailed in the last year s programme, will be con- 
tinued. - ■ 

(3) An enquiry on the maniirial requirements of cotton 
will be continued. 

(4) Reseaix'hes on the botany of cotton will be continued. 
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